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CHAPTER I 
INTRODUCTION 
Traditionally, astronomy was included in the quadrivium, which 
combined with the trivium made up the seven liberal arts of the medival 
colleges and universities. Astronomy has persisted as a part of the 
undergraduate curriculum. While few colleges or universities offer arr 
undergraduate degree in the subject, astronomy is taught at many insti-
tutions in this country as a part of the general science education 
still required of most students at the undergraduate level. 
In past decades astron.omy was often taught as a course in applied 
mathematics. Events in the last decade have changed the complexion of 
all sciences including astronomy. As a result, today astronomy is most 
often found within the physics department. The introductory astronomy 
course surveys the entire spectrum of physical laws which govern the 
universe as they pertain to astronomy. 
The typical college student who enrolls in an introductory course 
in astronomy is probably very interested in learning more about the 
subject. At the same time, this student is probably enrolling to ful-
fill a curriculum requirement in physical science. It therefore be-
hooves those who teach introductory astronomy to make the best use of 
the opportunity to communicate to students outside the fields of science 
and mathematics how astronomers and other scientists work in an attempt 
to discover the natural laws on which all science is based. 
1 
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Background for the Study 
This study has two goals. The first was to develop a system of 
individually prescribed instruction (IPI) for an elementary astronomy 
course based on a set of terminal behavioral objectives describing the 
behavior that was desired of all students at the completion of the 
course. The course was to be designed principally for nonscience-non-
mathematics majors at the freshman or sophomore level of college. This 
course was to be designed so that it would be capable of affecting the 
same gain in knowledge of astronomy as a standard lecture-demonstration 
course and at the same time retain or increase the positive attitudes 
that students had toward the subject of astronomy. 
The second goal of this study was to evaluate the self-paced 
individually prescribed instruction system with respect to its ability 
to affect the growth in knowledge of astronomy and the maintenance of 
positive attitudes toward astronomy as described above, when compared 
to the lecture-demonstration method of teaching. 
The use of behavioral objectives to define the outcome of the 
teaching-learning process has moved to the foreground as a result of 
the application of the systems approach, (IPI) "'to ·this process. Kuttz 
(25), Stew~rt (41), and Walbesser (43) describe the integral role of 
behavioral objectives in learning systems, pointing out that in the ab-
sence of clearly defined objectives the teaching-learning process can 
only be evaluated in subjective terms. A system which incorporates 
clearly defined objectives provides a means of evaluating the outcomes 
of teaching practices, techniques, methods, etc. Such a system can by 
definition be adjusted to each learner to provide optimum learning sit-
uations for that learner. 
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It is the ability of an IPI system to adapt to a broad spectrum of 
learner differences that is its real strength. If two learners can, 
given the same behavioral objectives as the goal of their learning, 
achieve the objectives of the learning process by two very different 
means, then the individual differences inherent in all individuals 
can theoretically be acconiodated. By allowing each learner to pursue 
the learning goals by employing the methods which are most suitable to 
his own interests, abilities, and desires, the teaching-learning pro-
cess could be made more effective according to Stewart (41), Eiss (10), 
Kurtz (25), and Harrisberger (21). 
The application of this philosophy to a general education course 
of an introductory nature seems particularly pertinent because of the 
broad spectrum of students which characteristically enroll for these 
courses. 
Statement of the Problem 
The present study will compare a self-paced individually pre~ ,_ 
scribed instructional system with the lecture-deII10nstration method for 
achieving behaviorai objectives in elementary astronomy (cognitive 
effect),· and compare the changes in student's attitudes toward astron-
omy (affective response) in each of these two groups. 
This study will also examine the possible relationships between 
certain characteristics the students bring with them t:o the course and 
their ability to learn within each method when measured by their gain 
in knowledge of astronomy (cognitive effect). 
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Signif ieance of the Study 
Stewart (41) discusses the need to change the present patterns of 
instruction. He states~ "Educators must i.nvestigate wayi;i of making 
our educational process more effici.ent and effective, Changes must be 
made in existing educational patterns." 
Lindvall and Bolvin (26) alert those who would confuse priori-ties: 
•.• The goal of a structured program such as IPI is not to 
put a pupil in an efficient system. The system is only a 
means to a goal. The goal.is to have each pupil operating 
as a self-directed learner within an indivi.dualized instruc-
tional program. The system is only one major factor in per-
mitting. the achievement of the goal. 
The use of IPI systems for instruction then, may provide a means 
for more effi.cient and effective instruction. The major goal of new 
. instructional systems should be to.increase their effectiveness, and.if 
in addition to bei.ng more effective they are also more dficient, so 
much the better. 
Eiss (10) feels that the ·t:i111e has come to act when he states: 
·What we need today i,s more action and less theorizing. 
Tru~, we need to expand what is known lilbout learni.ng theory 
and psychological foundations for education. But we are 
far from utilizing our present knowledge effectively. 
Studies of the effectiveness of self-paced individually prescrib-
ed instruction at the college and university level are very rare, or 
nonexistent. The present study may provide some evidence of the 
effec.tiveness of IPI when compared to lecture-demonstrat:l,.on method for 
achiaving. hehavioral. objectives. and at the same time ma.y provide some 
evidence for the effect each method has on student's at.titudes toward 
the subject matter they are learning • 
. If significant differences between the methods, in the attitudes 
of the students, or in the interactions of certain student character-
istics with the methods are found, this study may point out new direc-
tions for further study and refinement of later systems utilizing IPI 
or other new. teaching methods. 
Limitations of the Study 
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This study was limited to those students who were enrolled in 
Astronomy ll04 during the spring semester of 1971 at Oklahoma· State 
University. Both the experimental and the control sections had a some-
what lower enrollment than was previously expected; thus, reducing the 
size of the sample, In addition, the number of· students which enrolled 
in each of the two sections was not equal; ·thus, further. limiting flexi-
bility in the statistic analysis of the results. 
Definition of Selected Terms 
Knowledge 
Knowledge, in measured form, will be defined as a student's ability 
to perform assessment tasks which are described by behavioral objec-
tives that have been developed for Astronomy 1104 at Oklahoma State 
University. 
Gain in Knowledge 
The gain in knowledge of astronomy will be the difference between 
the pre-test and post-test scores. Both the pre-test and post-test 
will consist of assessment tasks based on the terminal objectives that 
were developed for the course. 
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Cognitive Effect 
The cognitive effect will be synonoll'!ous with galnin knowledge. 
Attitude 
Attitudes are feelings or opinions rather than knowledge, and ln 
this study will be measured by the score a student makes on an author 
constructed attitude scale of the Likert type as described by Edwards 
(9). 
Affective Effect 
The affective effect will.be the difference in the pre .. attitude 
score and the post .. attitude score measured by the attitude scale de .. 
scribed above. 
LD Group 
TQe students in the section taught by the lecture-demonstration 
(LD) method. 
IPI Group 
I 
The students in the section taught by the self .. paced individually 
prescribed instruction (IPI) method. 
Lecture .. Demonstration (LD2 
Lecture-demonstration is defined as the method of teaching which 
consists of lectures and demonst~a-tito.ns. employing app:r;Q.pria.te equip ..... 
ment, models, and media to teach an intr0ductory astronomy. course. The 
instructor spends the majol;'ity of his t:l.me. lecturing:to a group of 
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students who meet in a prescribed room at a prescribed hour several 
times each week. Tests are scheduled in advance for the purpose of 
evaluatf.ngthe student's progress.in the course. 
· Individually Prescribed Instruction (IPil 
I 
Individually prescribed instruction.is defined as a self-paced 
method of independent study based on behavioral objectives. Each stu-
dent will generally work independently of the others with materials 
that have e~ther been provided or suggested by the instructor(s) for 
the purpose of achieving the behavforal objectives that have been set 
down for the introductory astronomy course. A student will come to a 
prescribed meeting place when he needs assistance with his studies; or 
when he wishes to be evaluated on a unit· of material. 
Behavioral Objective 
A behavioral objective is a statement Qf the behavior that a learrt-
er will exhibit when he has achieved that objecti'Ve. · Each behavioral 
objective will have the following six elements either clearly stated 
or i111plied: 
1. The person who is to exhibit the behavior. 
2. The observable performance (action) that the learner is 
expected to exhibit. 
3. · The conditions, objects, and information that will be 
given before the learner exhibits the desired behavior. 
4. Who or what initiates the performance of the behavior 
of the learner. 
5. The behavioral responses of the learner that will be 
acceptable. 
6. Any special restrictions that are going to be imposed 
on an acceptable response by the learner, i.e., time 
limitations. 
Learning Objectives 
Learning objective is synonomous with behavioral objective. 
Instructional Objective 
Instructional objective is synonomous with behavioral objective. 
Entry Level Behavior 
Entry level behavior is defined as those behavioral objectives 
which the learner is capable of achieving at the time he begins the 
course. 
Terminal Objective 
A terminal objective is a behavioral objective that has been 
established as desirable for all students finishing.the course.to be 
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capable of achieving. A set of terminal objectives comprise the total 
final desired outcomes of the course for each student in that course. 
Assessment Ta,sk 
·An assessment task is an activity that the student is asked to 
perform to demonstrate that his behavioral response satisfies the re-
sponse defined by a behavior~! objective. The successful performance 
of an assessment task demonstrates that the learner has achieved the 
goal of the behavioral objective. 
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Basic Assumptions 
This study assumes that a pre-test post-test consisting of assess-
ment tasks based on pre-determined terminal objectives is an adequate 
measure of the knowledge gained in astronomy by the students during the 
semester. 
The study also assumes that any changes in attitude toward astron-
omy can be measured by a pre-attitude post-attitude scale of the Likert 
type. 
Further~ this study assumes that both the LD and IPI sections were 
attempting to achieve the same terminal objectives throughout the semes-
ter as determined prior to the beginning of that semester. 
CHAPTER II 
REVIEW OF THE LITERATURE 
The Changing Nature of Instruction 
That instruction at the college level is about to change was em~ 
phasized by Mitzel (32) in The Impending Instructional Revolution when 
he said: 
The last three dec~des of the Twentieth Century will 
witness a drastic change in the business of providing in-
struction in schools and. !';Olleges. The idea of "Individual-
ized Instruction" has been pursued in a desultory fashion by 
Ame·rican educators fpr most of the century. There have been 
several different concepts of individualizati9n, the mast 
prevalent interpretation focusi.ng on self-pacing or rate-
tailoring. 'l'he impending Instruction Rev'.olt.it~on will short-
ly bypass the simplex idea of individualizing instruction 
and move ahead to the more sophisticated notion of provid-
ing "Adaptive Instruction" for school and college learners, 
with focus on the tailoring of subject matter presentationB 
to fit the special requirements and capabilities of each 
learner. 
This change in the instructional pattern of schools and colleges 
is the result of two main forces. The first of these is the adaptation 
of technology to the problems of learners •. Gagne (15), Callow (6), 
. 
Wash (45), and Becker (2) address themselves to the role of the multi-
media and computer influences on the learning processes .. Words and 
phrases such as "Individually Prescribed Instruction," "The Automated 
Learning Management System," "Computer Assisted Instruction," and "The 
Interactive System" are now becoming more commonplace in educational 
circles, a recognition of the potential value that computers and other 
10 
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machines have in enhancing the le~rning process. 
Tite second main force is the advance in the understanding of how 
individuals learn and under what conditions they learn. Tite work of 
men such as Gagne (13)~ Bloom (3), Markle and Tiemann (29), has led to 
new concepts in learning. The concept that learning should produce a 
visible change in the behavior of the individual has led to the idea of 
using "Behavioral Objectives" as definable and achievable goals fo~ 
learners, If the desired learning can be stated in terms of the behav..,. 
ior that a learner will exhibit as the result of his learning, then 
several of the previously troublesome problems of instruction and learn-
ing disappear. Titese include the problem of what to teach, how to teach 
it, and how to evaluate the learner to see if he has learned what was 
being taught. Kurtz (25), Gagne (14), Walbesser (44), Mager (28), Eiss 
(10), and Wash (45) all discuss the various advantages of putting the 
final outcomes of teaching, i.e., learning, into behavioral terms to 
gain the advantages stated above. They point out that in the absence 
of observable behavioral changes which can be precisely defined in ad~ 
vance, the process of instruction becomes a matter of chance involving 
the use of subjective evaluation, with the end ,result that it can only 
be estimated what the learner has achieved in terms of learning. 
Once clearly defined objectives become the goal of instruction, it 
is poss'ible to determine whether those goals have been achieved by every 
learner who attempts to achieve them. If the learner fails to reach a 
~oal, it is possible to continue the instructional process using vari~ 
ous learning activities until the learner can demonstrate in a behavior~ 
al way that he h~a indeed reached the learning objective. 
When a body of kno~ledge which is to be transferred to a learner 
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has been stated in terms of behavioral objectives, these objectives can 
be ordered into a hierarchy of learning. Gagne and Paradise (13), 
Stewart (41), and Okey (35), discuss the need.to order the objectives 
into a sequence which presupposes th,at some knowledge is req4ired before 
a learner can acquire new knowledge which follows. Evidence that this 
concept has been recognized for some time is the fact t~at some courses 
have prerequisite course reqµlirements attached to them. To facilitate 
an understanding of such hierarchies,. Bloom (3) classified the levels 
of cognitive knowledge in Taxonomy . 9! Ed4cational Objectives, .Handbook 
I: Cognitive Domain. With the aid of this taxonomy, and a knowledge 
of the subject matter to be transmitted, a learning hierarchy can be 
established to determine the order in which each of the educational 
objectives is presented to the learner, 
Developing an IPI Course 
Lindvall and Cox (27) point out that all teachers are aware of the 
individual differences of the students in their classes. In an effort 
to accomodate these individual differences,. it is necessary to develop 
instruction in a manner that includes the following elements: 
1. Sequences of instructional objectives to define the 
curriculum (course). 
2. Instructional materials to teach each objective, 
3. ··An evaluation procedure for plcicing each pupil at the 
appropriate point in the curriculum (course). 
4. A plan for developing.individualized programs.of study. 
5. A procedure for evaluating and monitoring individual 
progress. 
Stewart (41) states, "Course development involves two major states: 
(1) the behavioral analysis of the course content which is the pre~ 
construction stage; and (2) the synthesis of leaxner behaviors which is 
the construction stage." He sees the task of the first stage as that 
of specifying learner behaviors and learning.objectives so that the 
nature of the behavior can be d:lscovered, past learning.can be assessed, 
the behaviors to be modified can be identified, and the objectives can 
·he communicated. 
Stewart (41) sets a sequence of seven steps to be followed ln the 
fi.rst stage. They are: 
1. The first step in the analysis is the specification of 
the terminal behaviors (i.e., those behaviors which the 
course instructor wishes the learner to exhibit upon 
completion of the course). After each terminal behavior 
(objective) is stated, the following three questions 
should be asked: 
(a) Why should the student learn this behavior? 
(b) -What is the student supposed to do with the 
behavior once he has attained it? 
(c} How. long should the student retain the be .. 
havior after once attaining it? 
Answers to the first two questions could affect the 
inclusion of the objective in the course content and 
answers to the third question could affect the design 
of the instruction materials. 
2. The construction of a post-test is the next step and .will 
enable the observer to determine whether or not the·ter-
minal behaviors can be exhibited by the le~rner. Usually, 
a slight change in the wording of the specified behavior 
will result.in:the :test.item for ·this behavior, 
3. The third step is the specification of the assumed entry 
behaviors of representative learners (i~e·~ those be-
haviors pertinent to the course content that are exhib-
ited by prospective learners of the course) and the 
relevant characteristics of these learners (e.g., l, Q., 
educational background, etc.). 
4. The fourth step is the construction of a pre-entry test 
that will enable the observer to determine whether or not 
the assumed entry behaviors can actually be .exhibited by 
representative learners who·would take the course. 
5. The fifth step is the specification of learning objec-
ti.ves of the course content which will be achieved 
through learning experiences and convert the learner's 
entry,behaviors into terminal behaviors. 
6. The sixth step is the construction of a pretest that 
will enable the observer to determine which of the 
learning objectives of the course content, if any, 
have been learned previously by representative learners. 
7. The last step of the analysis is a prelimina~y tryout of 
the pre-entry test, pretest, and post-test on a sample of 
students that are representative of the ~ntended learners 
of the course. 
This model emphasizes again the need to sequence the learning 
objectives. As Stewart (41) states: 
The most successful programs start the learner from 
where he is. This gives support to a very important 
learning principle: . Paths . .£!. learning proceed ~ effec-
ti,vely ~efficiently~ going i.!:£!!! the known.!:.£~,!;!!!­
known. 
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Gagne (17), Lindvall and Cox (27) and Walbesser (44) all agree on 
the importance of proper sequencing for most effective learning. In 
some cases however, sequencing can be arbitrary, as Lindvall and Cox 
(27) point out, when an objective is not directly tied to previous 
learning. 
Stewart (41) suggests a "Matrix Method" of sequencing interrelated 
learning objectives. This method uses a grid on which the numbers of 
the learning objectives are placed, The instructor (course designer) 
then marks the intersection of learning objectives on the grid. The 
learning objective numbers are then moved about the axis of the grid in 
an attempt to form a diagonal of marks indicating proper sequence. 
The experimental work of Gagne (13) (16) suggests that while a 
general sequence may be established, individuals differ in their re-
sponse to a given sequence with regard to the amount of positive trans-
fer that takes place from one learning objective to the next. This 
suggests that there is not absolute sequence that can be assumed. 
Stewart (41) suggests the following steps to be followed in the 
construction stage of the course. 
The first.st;ep in the synthesis or course ... construction stage 
is the examination of the adjusted learning objectives to 
determine the most effkient and effective media and methods 
to be used in presenting the material associated with each 
objective, keeping in mind why that particular objective or 
terminal behavior is desired, what the learner is expected 
to do with this behavior, what budget is available, what the 
feasibility is of the media and method, how portable the 
course materials have to be, etc. 
The second.step of the construction or synthesis.stage is the 
construction and preparation of the materials necessary to 
help the learner attain the learning objectives and terminal 
behaviors of the course, keeping in mind these four principles: 
1. The content of the course is presented to the 
learner in small, single·concept steps or units 
that are appropriate to the learner's abilities; 
e.g., reading level, educational level, age, etc. 
2. For each step or unit, the learner is covertly or 
overtly involved, depending upon the behavioral 
requirement of the step. 
3. In steps or units where the system requests 
specific responses, immediate confirmation of 
the correct responses is usually available. 
4. The course materials are self·paced to meet in· 
dividual differences. This may necessitate a 
certain amount of branching from the main system 
to accommodate differences in learner abilities, 
or differences in entry behaviors. 
The third step is the assembly of course materials and exam:f.:b. ... 
ation of them for clarity, continuity, and subject-matter 
validity. 
The fourth step, and one of the most important steps of the 
course developments, consists of trying out the course mate-
rials on representative.learners and revision of the materials 
based on learner comments and errors, The "tryout .. and-re-
vision" process is repeated enough times so that 90 percent 
of the learners are able to exhibit 90 percent of the ter-
minal behaviors. 
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The importance of the learning materials to the success of the 
system is pointed out by Lindvall and Cox (27) who state, "He (the 
learner) should be engaged in activities suited to his interests, apti-
tudes, learning style, and other relevant personal qualities.'' Herein 
lies the strength of IPI. While each learner is different in just about 
every way~ an IPI system can acco!ll!llodate his qifferences so that he can 
learn at his maximum efficiency within the system. The five learning 
variables cited by Stewart (41) as being the most important are: 
(a) Rate of learning. 
(b) Amount to be learned. 
(c) Mode of learni,ng. 
(d) Interpersonal relationships in learning. 
(e) Motivation to learn. 
The third phase of developing an !PI course is that of evaluation. 
· Testing and evaluation in an !PI course is continuous. The learner 
constantly has an identifiable goal that he is striving to achieve, so 
that when he has achieved a course objective he will know that he can 
demonstrate the behavior defined by that objective. Lindvall and Cox 
(27) refer to this as a curriculum-embedded test. A curriculum-embed-
ded test (CEl') is a meai;;ure of performance on one particular objective 
in the learning i;;equence of the course. To reduce the frequency of 
testing, several CET are often administered at one time in the form of 
a post-unit test. At that time the learner is evaluated on several 
learning objectives. If the learner succeeds on 90 percent of the 
assessment tasks, then he is generally allowed to go on to the next 
uni,t, otherwise the learner is asked to go back and master the objec~ 
tive(s) that he has demonstrated he has not learned before he is allow-
ed to continue to the next unit of the course. 
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The Role of Feedback in an !PI System 
A.second important role that evaluation plays in an IPI course, 
was i,.nferred by Stewart (41) earlier in this paper.. It is that of 
modifying the course i~self by: 
1. Changing the course objectives; or 
2. Changing. the learning mater:l.als or activities. 
This suggests that if a learner fails to achieve an objective that 
the system may be .;it fault, and not the learner. It also suggests that 
an IPI system.is a closed system that can adjust itself to the product 
when compared with the objectives that have been established.for it. 
The comparison of the output (learner achievement) to the goals of 
the system (behavioral objectives) provides feedback to both the learn-
er and the system. Conceptual schemes of this kind enable thos~ who 
are working with the learning system to assess both the learner and the 
system with a great deal of objectivity in an attempt to adapt one to 
the other. The difference between the output of a system and the objec-
" tives established for that system will generate an "error signal" which, 
if the system is so designed, can cause the system to ch,;;lnge in such a 
way that the output more nearly coincides with the objectives, thus 
reducing the size 0£ the "error signal." 
The usefulness of this kind of feedback in the learning process 
has been described by Gagne (17), Lindvall and Cox· (27), and by Wash 
(45) who states: 
Perhaps the most important source of re:tnforcers to the 
learning process is derived from the feedback system 
developed as an essential part of the total learning 
experience. The idea of feedback is that it should pro,.,.\ 
vide more than knowledge of success or failure. It should. 
become the catalyst necessary,. for maintaining the impetus 
of the "learning reaction." Feedback systems do provide 
information to the learner about th:f.s progress, but a more 
important consideration is that these systems provide for 
constant interaction of the learner with the components of 
the task to be accomplished. • ••• Adequate. re:l,.qforcers from 
a.feedback system lessen the need for rewards as an end-
product of the learning effort. The lessened importance of 
a reward system is advantageous, since the behaviors exhibited 
by the learner being rewarded are often di,fficult to isolate. 
The chance of perpetuating inappropriate behaviors,. or be-
haviors incorrectly perceived by the learner to be essential 
to the learning task is lessened. Feedback systems, then, 
are reinforcers and stimulus generators, so that when a 
system is sound,. "learning behavior" is sustained and the 
learning process is maintained at a high level of efficiency. 
Eiss (10) would agree when he states: 
Probably the weakest link in today's educational system is 
the lack of feedback information. Many instructors can tell 
what students dislike about their courses, but make no attempt 
to remedy the situation. Much of the present-day frustration 
and unrest shown by students can be traced to the complete 
lack of fee9back in the school system, or to the failure of 
the administration to adjust the system to eliminate, or at 
least minimize, the cause of conflict, 
If identifiable objectives have been stated for a system, then a 
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·comparison of the output with the objectives can be made and the neces-
sary adaptations of the learner, or the system, can be made so that the 
output and the objectives become the same, i.e., no "error signal. 11 
The Role of the Teacher in an IPI System 
The word 'teacher' in today's educational system. is synonomous with 
the word 'lecturer.' This time-proven method of teaching has become so 
generally accepted that the inertia that must be overcome to change the 
role of the teacher in the classroom may be one of the major factors 
retarding changes in the nature of instruction, While lecturing :ts an 
effective method of transferring information from a professor to a 
student, it does not, as Fischler (12) notes, provide a mechanism for 
the student to interact with the professor, 
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It is granted, that in today's educational system a l:i,mi,.ted amount 
of student-professor interaction is possible particularly if that pro-
fessor is an academic advisor·to the student. ·As the demand for higher 
education increase!), more and more. indi,.viduals are seeking an education 
beyond high school. As students become more numerous, the opportuniti,.es 
for individualized attention diminish. The only way this trend can be 
reversed :i,s by freeing the professors from their present role of lee-
turer so that they may become guides for learning (12). 
The first step, according to Fischler (12), :i,s to have the pro-. 
fessors state the objectives of their courses in behavioral terms so 
that the students will know what the behavioral expectations are for 
him in any given course. If the next step is the adoption of J;PI, then 
the professors are freed from the lecture podium to interact with each 
student as he progresses through the hierarchy of learning objectives, 
Lindvall and Bolvin (24) see the role of the teacher in an :J:PI system 
as one who makes the system function. Lindvall and Bolvin (26) see the 
teacher as being engaged in the following seven activities: 
1. The evaluation and diagnosis of the needs and the 
progress of each student. 
2. The development of individual study plans or pre-
scriptions. 
3. ·The development of immediate and long-range plans for 
the total class, which take individual needs and plans 
into account. 
4. The planning organization of the classroom and the class 
period to create an effect:i.ve learning environment. 
5. The development, in cooperation with other members of 
the professional staff, of plans fot any necessary large 
group instruction~ 
6. The superv:i,sion of the work of para-professionals such as 
·technicians and teacher aides (graduate assistants). 
7. The study and evaluation of the system so as to improve 
its operation in this classroom. 
In an IPI system, the professor. changes his role from a lecturer 
to a counselor, a diagnostician, and a prescriber of individualized 
learning experiences. 
Summary 
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The literature reveals that in theory there are psychological and 
technical reasons for an impending change in the patterns of instruc-
tion .. While such changes have already begun at the elementary and 
secondary levels of our educational system, experimental studies at the 
college and university levels are notably absent. 
Several IPI models were found. These models did not vary so much 
in substance as they did in detail. The over-riding consideration in 
all models incorporating a system approach to instruction, such as IPI, 
was the need to specify the behavioral response of the student to the 
teaching-learning process •. When behavioral objectives have been defin-
ed for a CO'L\rse, it then becomes possible to evaluate the adaptat:lon of 
the student to the system, and conversely, the system to the student. 
The following chapter describes the procedures that were followed 
in developing and executing a self-paced individually prescribed 
instructional system based on behavioral objectives, and the hypotheses 
that were tested when this system was used. 
Chapter III 
DESIGN AND METHODOLOGY 
The course involved in this study was Elementary Astronomy 1104, a 
four credit hour, non-laboratory course. The course is primarily a 
general education course for nonscience majors. This course carries no 
prerequisites in terms of either science ot mathematics. The enrollment 
has typically been 150-200 students per semester. The method of in-
struction has been lecture demonstration including a liberal amount of 
audio-visual aids in the form of slides, overhead transparencies, 16mm 
films, and demonstration apparatus. ·Special astronomical viewing 
sessions were often scheduled to give every student an opportunity to 
gain the experience of viewing the heavens through an astronomical 
telescope. Final grades are determined by five one-hour •xaminations 
plus quizzes and a final examination.. 
Description of the Sample 
The characteristics of a parallel student group was obtained by a 
voluntary questionnaire (see Appendix A) distributed to the two hundred 
students enrolled in Astronomy 1104 in the Fall of 1970. The informa-
tion requested was: a} his or her class in school; b) the college in 
which the student was enrolled; c) selected science and mathematics 
courses completed in high school and college; d) their college major; 
e) their gender; f) whether or not the course was satisfying a require-
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ment in their curriculum; and g) who recommended that they take Astron~ 
omy ll04. 
The results of this survey revealed that 49% of the class were 
Freshmen, 34% were Sophomores, 10% Juniors, and 7% were Seniors. A 
majority of the class was enrolled in the College of Arts and Sciences 
(72%), followed by the College of Business (16%), the College of Educa-
· tion (6%), with the balance (5%) distributed throughout other colleges. 
Thirty-eight percent of the class reported that they were taking 
:Astronomy.ll04 to fulfill a requirement. ·Twenty-two per cent reported 
that their advisor had recommended that they take the course, while 11% 
reported that other students had recommended the course to them, and 67% 
reported that they had recommended the course to themselves. 
·The questionna:lre revealed that 95% had taken Algebra, 88% had 
taken Geometry, 31% Trigonometry, and 26% Physics while they were in 
high school. Their college experience showed that 33% had taken 
Algebra, ll% Calculus, and 12% had taken college Physics. 
The major field of concentration of this sample was very diverse 
with the largest group (35%) being made up of those who had not decided 
on a major at the time of the study. Of the remaining students, the 
major most often cited was Psychology (6.5%) followed by Journalism 
(5%),.Mathematics (5%), Business Administration (3.5%), Sociology 
(3. 5%), and other majors having smaller percentages. 
Design of the Study 
· The central role of the course terminal objectives in this study 
dictated a major effort in their selection· and construction. · '!'he be .. 
havior (response) defined by these objectives form the basis for the 
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final evaluation of the two learning systems incorporated in this study 
and the student responses to those systems. In addition, the terminal 
objectives form the apex of all the learning processes in which the 
learner's engage throughout the duration of the course, regardless of 
the method under which they are learning. The teaching-learning deci-
sions that are made throughout the design-execution-evaluation sequence 
are also dicatated by the set of terminal objectives. 
Thus, the first step was the selection of the course terminal 
objectives. ·This process involved identifying as many potential termi-
nal objectives as feasible within the constraints imposed upon the 
process. A major guide for this task, in addition .to the designers own 
knowledge and experience, was the textbook that had been selected for 
use by both groups. The textbook,- An Introduction 1£ Astronomy by 
Huffer and others (22), was selected on the basi~ of its appropriate-
ness for the scope and level of the course. Collectively, more than 
fifty terminal objectives were identified. From these fifty, seven-
teen terminal objectives were ultimately selected on the basis of their 
inclusiveness, level of learning required for their achievement, and 
their appropriateness to the background and potential learning abilities 
of the prospective students as judged by the course designers. These 
·• terminal objectives can be found in Appendix H. 
This study involved the use of two teaching strategies to elicit 
the same set of student responses to the terminal objectives that had 
been selected for the course. One group was taught by a method to be 
referred to as Lecture-Demonstration, and the other was taught by a 
method referred to as Individually Prescribed Instruction. 
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A description of the two methods follows: 
1. Lecture .. Demonstration Group (LD). 
The astronomical concepts incorporated in the selected set of 
terminal objectives were presented by lecture .with the aid of slides, 
overhead transparencies, and movie films, Appropriate demonstrations 
involving the use of apparatus were also included. 'l'he concepts that 
were presented were carefully developed in an attempt to anticipate 
student difficqlties and questions. Questions were not encouraged dur-
ing the course of the lecture period, however, students were encouraged 
to ,visit with the lecturer about their problems whenever they.felt th.e 
need to do so. 
·A course syllabus was )landed out at thi= beginning of the semes-
ter. ·This syllabus '.listed the chapters to be included. in the lectures 
by date, the dates of the hour exami,nations, the d.;!tes and titles of 
·films to be shown. 
Four examinations plus ten unannounced quizzes and a.final 
examination were used to determine the fin1:1l course grade. The lowest 
grade on one of the four examinations or a combinati,on of the ten quiz~ 
zes was eliminated when the final grade was determined. 
·An·information sheet given to the students at the beginning of 
the semester, explaining many.of. these course characteristics, :l,s shown 
in Appendix E, 
2. Individually Prescribed Instruction Group (IPI). 
l'he astronomical concepts embodied in the set of term:i,nal ob-
jectives were incorporated into twenty.· separate learning units. Each 
of these twenty units consisted of a complete lear.n,ing package includ-
ing a brief description of the nature of the material to be studied 
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including the rationale for studying this particular body of knowledge, 
statements of the unit objectives (behavioral objectives), suggested 
learning activities, and where deemed appropriate, self-assessment items 
to be used by the student to gauge his ability to achieve the unit ob-
jectives. The unit objectives were selected on the basis of their 
appropriateness moving the student up the learning hierarchy to the ter~ 
minal objectives of the course. A continuous effort to eliminate all 
objectives and their associated activities that did not contribute to 
the successful completion of the terminal objectives, was made. On the 
other hand, every effort was also made to include those unit objectives, 
and their associated activities, which were necessary to take all of the 
students enrolled in the course from their initial position in the 
leat;"ning hierarchy in astronomy to the terminal objecti,ves of the course, 
A list of the titles of the twenty units and a sample unit learning 
package can be found in Append:l.x G. 
:Those students who participated in the IPI section of this 
course were provided one learning uni,t at a time. Following the stu-
dent's demonstration of his mastery of the material in that unit, mean-
ing he scored 90% or better on the unit assessment tasks for the be .. 
havioral objectives of that unit, he was given the next unit learning 
package for the course. His rate of progress through the units was 
determined only by himself. The only constraint that was emposed on 
this rate was that he was informed that the course would definitely 
end at the completion of the regular semester. The final grade receiv .. 
ed in this section was based on the percentage of the total number of 
units that had been completed by the student, and upon a final test 
given to all members of the course at the end of the· semester. 
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An Astronomy Learn:l.ng Laboratory was set up :for use by the 
IPI section of the course. This laboratory contained all of the nec-
essary equipment, Ulm loops and machi,nes to display them, slides and 
machiQes to displace them, books, periodicals, instructors, and other 
resources needed for the successful complet;:i,.on of all twenty learning 
units. The Astronomy Learning Laboratory was also used as the evalua-
tion center for the IPJ; group, No regular classroom sessions were 
scheduled other than the first class meeting used for the purpose of 
explaining to the students how their learning during the semester was 
to take place. ·During the fi,rst two weeks of operation,, the Astronomy 
Learning Laboratory was open from 2:30 p.m, to 5:00 p.m., after the 
second week, the hours were changed to 1:00 p.m. to 5:00 p.m. daily, 
plus morning hours by appointment, ·Students were allowed.to come to 
the Learning. Laboratory at any time on any day they so desired. 
At the beginning of the semester, each student in the IPI 
section was provided with a list of names of films to be shown on a 
one-time basi,s for their group~ and the date and t:i,.me of its showing. 
Attendance at these ses13i,ons was held to be str:lctly volun,tary, but 
recommended for all. Astronomical v:l..ewing sessions were also regular-
ly scheduled at the beginning of the semester to be attende<l on a 
voluntary basis on the part of the students in the IP!. section of the 
course. 
An instructor was present in the Astronomy Learning .Labo ... 
rato:ry during all regularly scheduled hours, The i,.nstructor was avail-
able to the IPI st;udents for consultation on {::heir learn:i,.ng problems 
as well as to administer the unit a:·ssessmen.ts, The instructor would 
evaluate each unit assessment immediately upon its completion and 
adv:i,.se the unsucc~ssful student on how he should precede from that 
point in order to become successful on h:i,s ne:ict attempt. If the stu-
dent was succe~sful, the instructor would provide that student with 
the next unit learning package along with some praise and encourage-
ment to continue his successful completion of the following units. 
A sign-in, sign~out system was used in the Learning Labora-
tory to monitor the attendance of the IPI students. At the end of 
each week a summary of each students progress in t;:he course was pre .. 
pared for review and evaluation. Copies of the General Information 
·Sheets given to the IP!· students may be found :i,n Appendix E. 
Hypotheses 
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Many questions ate corntr10n t;:o all studies on the comparitive 
effecti,veness of two or more teaching.,.learning methods. The question 
that would probably be of the greatest general interest is, "Under 
which method d:i,d the great; est amount of learning take place?" ·;Follow-
ing closely behind would be questions concerning other factors that 
would be of interest to those considering adopting a new teaching 
method as their own •. These secoa,dary questions would be concerned 
wi,th the relative effect of the two methods on students' attitudes 
toward the subject matter, and toward the methods themselves, They 
would also be concerned with the relative teaching effectiveness each 
of the methods had on students having more or less learning ability, 
on those student$ who were requ:i,red to take the course a~ opposed to 
those that were taking the course as an elective, on students enrolled 
in a college that was more or less oriea,ted toward mathematics c!!nd 
science compared to those who were not, and on male students versus 
female students. 
While a final deeision to adopt a new teach:i,ng method would of 
neces$ity have to be based on more infor~ticm than would be provided 
by the answers to the queations posed above, this study addresses 
itself to answering such questions, These questions were formulated 
into the following hypotheses~ each of which was tested at the O. 05 
level of confidence, 
The hypotheses tested in this study were: 
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1, There is no significant difference in the knowledge gained by 
students in the LD Group and those in the IP! Group as measured by the 
difference in their scores on a pre~test and post-test based on asess~ 
ment tasks for the course terminal objectives, 
2, ·There :ls no significant difference :i,n the knowledge gained 
by the LD and IPI students that are enrolled in various colleges, 
3. There is no significant interaction between the LD vs !PI 
methods of teaching and the students that are enrolled in various 
colleges when measured by their gain in knowledge, 
4, There :l,s no signifi.Cant difference in the knowledge gained 
by the LD and IPI students of different class levels. 
5. There is no si,gnif:lcant interacti,on between the LD vs IPI 
methods of teaching and the students of different class levels when 
measured by the:l,r gain in knowledge, 
6. There is no signi,ficant difference in the knowledge gained 
by the LD and IPI students having different high school science and 
mathematics preparation, 
7. There :l,s no significant interaction between the LD vs IPI 
methods of teaching and the students having different high school 
science and mathematics preparations when measured by their gain in 
knowledge. 
8. There is no significant difference in the knowledge gained 
by the LD and IPI students having diffe:i:;ent college science and math-
ematics preparation. 
9. There is no significant interaction between the LD vs IPI 
methods of teaching and the students having different college science 
and mathematics preparation when measured by their gain in knowledge, 
10. There is no significant difference i,n the knowledge gained 
by the LD and IPI students of different gender, 
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11, There is no significant int;eraction between the LD vs IPI 
methods of teaching and the students of different gender when measured 
by thei,r gain in knowledge, 
12. There is no significant difference in the knowledge gained 
by the LD and IPI students having different A,C.T. scores in math-
ematics, 
13. There is no significant interaction between the LD vs IP! 
methods of teaching and the students having different A.C.T~ scores 
in mathemati.cs when measured by their gain in knowledge. 
14. ·There is no signiti,cant; difference in the knowledge gained 
by the LD and IPI students havi,ng different A,C~T~ scores in natural 
science. 
15. There is no significant interaction between the LD vs IPI 
methods of teaching and the students having different A.C.T. scores 
in natural science when measured by their gain in knowledge. 
16. There is no significant difference in the knowledge gained 
by the LD and IPI students having different composi.te A.C.T. scores. 
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17. There is no significant interaction between the LD vs IP! 
methods of teaching and the students having different composite A~C.T. 
scores when measured by their gain in knowledge. 
18. There is no significant difference in the knowledge gained 
by the LD and IPI students who were taking the course to fulfill a 
requirement and those who were not. 
19. There is no significant interaction between the LD vs IPI 
methods of teaching and those students who were taking the course to 
fulfill a requirement vs those who were not when measured by their 
gain in knowledge. 
20. There is no significant difference in the change in attitudes 
toward astronomy·in the LD Group and those in the IPI Group as mea-
sured by the difference in their scores on a pre-test and a post-test 
of the Likert type. 
Independent Variables 
Many Variables were cornrnon to the two groups involved in this 
study. The textbook~ Introduction~ Astronomy (22) was used in 
both sections. Both sections had the opportunity to view the same 
films, slides, and other media used in the course. All of the students 
included in this study were given several opportunities to observe 
astronomical objects using astronomical telescopes • 
. The major difference lay in the teaching methods adopted for each 
group, which was the basis for this study. This led to the effort to 
detect differences in outcome with the tests and measures to be de-
scribed later. 
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There were a group of di.fferences which were detectable and pre-
sumed controlled byvirtue of random c;listribution between the LD and 
IPI Groups. Verification of this assumption was tested for each 
dependent variable by testing for significant differences between the 
means of these groups on the pre-test measure of that dependent vari-
able. The independent variables which were deteC'.ted and measured in 
this study include: gender, college in which the student was enrolled, 
the student;' s class level, high school and college science and mathe .. 
matics preparation, A.C-.T. scores in mathematics, A.C,T. scores in 
science, and compoi;ite A.C.T. scores. Most of the information on 
these variables was obtained via the questi.onnaire shown in Appendix A. 
Other independent variables, such as cultural, economic, psycho-
logical, motivational, vocational, and personali.ty differences, were 
recognized as being present but; no attempt to detect or measure them 
was made in this study. ·The random distribution of these variables 
was also assumed and tested by the test described above. 
Instruments Used 
Each student enrolled. in Astronomy ll04 in. the Spring of 1971 was 
anindividual who had a unique background and unique experiences that 
he or she brought with them to the course. In order to ascertain some 
of the unique characteristics of each student, a questionnaire was 
prepared (See Appendix A) which asked the student to indicate the 
following: a) class level; b) college in which they were enrolled; 
c) reason for taking the course; d) who recommended the course; e) who 
made the final decision to take the course; f) previous experience 
with astronomical telescopes; g) selected courses in high school 
sci.ence and m,athematics taken by the student;. h) selected. courses. in 
college science and mathematics taken.by the student; and i) the 
college major subject of the 1;1tudent, Thi,s questio~aire contained a 
statement informing the student that. the que.stic::ms asked ciid not per ... 
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. tain to any requ:Lre111ents for the course, but th~t:.they were being asked 
for informa tio.n only, 
· The knowledge of astronomy that each student brought with them to 
the course, as :l,t pertained to· the terminal objectives that had been 
established for the course,. needed to be ·measured. A pre-test consis-
ting of assessment tasks for the terminal objectives of the course 
was therefore constructed. This.i,nstrumen,t, shown in Appendix C, 
consisted of seventeen separate items, some of which consisted of more 
than one part. Each of these.items requested that the student perform 
a task, or tasks, to deomonstrate his competence. The test was scored 
so that each of the seventeen items was equally, weighted.in the over-
~11 score ~warded to the stucient on the pre-test. 
To measure the knowledge that e~ch student had gained during.the 
semester,. in terms of the terminal objectives for the course, a pre .. 
test consisting.of assessment tasks on the terminal objec.tives was 
constructed. The tasks requested of the students on the post .. test was 
not unlike those requested on the pre-test, since the nature of these 
tasks are defined by the terminal objectives. The two tests were not 
the same however, since the information given to the students to 
manipulate on each test was different. The post-test, shown in 
Appendix:D, was scored in the same manner as the pre-test, i.e., each 
.of the seventeen items was equailyweighted and summed to produce a 
single final score for that test. 
33 
A measurement of the attitudes of the students in both groups 
toward astronomy was made at the beginning of. the course and again at 
the end. ·This measurement was made with an author constructed.Likert-
type attitude scale consisting of 24 statements about astronomy. The 
students were asked to indicate their level of agreement or disagree-
ment with each statement on a five point scale. 
Approximately half of the statements were considered negative 
statements about astronomy and its role in society, the other half of 
the statements were considered to be positive. If the student indica ... 
ted a high agreement with the positive statements and a low agreement 
with the negative statements he was considered to have a positive 
attitude toward astronomy •. If, on the other hand, the student had a 
low agre.ement with the positive statements, and a high agreement with 
the negative statements, he was considered to have a negative atti-
tude toward astronomy. 
· The scoring of the individual statements depended on whether it 
was considered a positive or a negative statement. If the statement 
was posi.tive, the weight used was 5, 4, 3, 2, 1 as shown on the state-
ment form. A high value indicated a high positive feeling, a low 
value indicated a negative feeling toward astronomy. If the statement 
was negative, the weighting of the responses was reversed, 5 = 1, 
4. = 2,. 3 = 3,, 2. • 4, 1 = 5. In this manner a low response to a nega-
tive statement generated what was in effect a positive response. The 
result of this scoring scheme was a range of final scores for the 
individual which could range from a low of 24 to a high of 120. This 
procedure, called the method of summated ratings, is described by 
Edwards (9). 
The attitude scale used in this study, shown in·App.end:i,x B, was 
constructed and tested on the Fall of 1970· Astronomy· 1104 class. · The 
reliability of the scale was tested using the method described by 
Edwards (9). ·Each.item was found.to differentiate between positive 
and negative attitudes between the· upper and lower quard,les at the 
O~OS level of confidence. 
Edwards (9) warns that one may. not in general make an:interpre-
t~tion of an attitude score on a summed-rati,ng scale independently.of 
the distribution of scores of some defined group. · The neutral poi,nt 
on a.summed-rating score :ls not the midpoint of the possible range of 
scores. The absence of such a point is n0t a handicap if two large 
groups are being.compared. It is a. handicap in attempting to pass 
judgement on the score of a single individual. In. this study, only 
the comparison of group mean scores will be made. 
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The pre•att:i,tude scale was administered at. the first class meet-
ing. ·'!'he post-attitude scale was administered just prior to· the fi.nal 
examination. ·The students were assured.that these scales would not 
·be examined until their final grades had been submitted. to the Offi.ce 
of the Regi.strar. 
Sta ti st:l.ca 1 .. Procedures 
Hypothesis 1 and hypothesis 20 each address.themselves to the 
differences between the LD Group and the IPI Group. To·test these 
hypotheses, at-test of the pooled variance type described by,Popam 
(38) was used to determine, if the difference in the means of the groups 
represented a signifi.cant departure from di,fferences which might be 
expected·by chance alone. This method includes anF-ratio test of 
the homogeneity of the two groups •. If the Ji'.-ratio test revealed 
heterogeneity, the approp.riate t-test model was.used. to determine the 
significance of differences in the group means, 
In addi.ti,on to the above test for sample homogeneity, a second 
method of testing the groups for random distribution of·independent 
vi;ir:i;.g.bles. was employed. · Each t:i,me two or. mere groups were selected 
for analysis, these groups were tested for random c;listribut:i.on of 
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. independent var:i,ables on the pre~test scores of the dependent var:i.able 
that was about to come under test: ·For example,.if the LD Group was 
to be compared with the IPI Group.on their gain in knowledge, these 
groups were first compared on their pre-test scores for knowledge. 
:cf t;his. test revealed .. that t:he ·two groups had no significant difference 
in the pre-te.st scores,. it was concluded that those. independent vari-
ables· that would.influence knowledge.in astronomy·were randomly 
qistributed between the two groups. · This test of homogeneity on the 
dependent variable was used for all groupings for the purpose of 
statis.tical analysis in this study. 
Hypotheses. 2. through 19 were tested with a factorial analysis of 
variance as described by Bruning and Kintz (4). ·This method of analy ... 
ais is capable of not.only testing.for i;;ignificant differences.in the 
means between multiple sets of groups, :1.t aho tests for significi;int 
interactions between these groups. In t;his study a 2X 2 factorial 
anl;llysis of variance was used to test pl;lirs of hypotheses, i.e., group 
· differences and interactions. 
In the 2X 2 factoril;ll analysis of vari.ance, four groups are 
. required. · These·· groups are derived by assigning subjects to a group 
on the basis of two independent variables,.for example, females from 
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the LD Group, males from the LD Group, females from the IPI Group and 
males. from the J;PI Group. ·Assignment to these groups should. take place 
on a completely random basis. ·Bruning and Kintz (4) impose another 
constraint on this method by pointing out that each of the groups 
should contain an equal number of subjects, or at the very least, a 
proportiornil number of subjects, 
. In this. study,. the number of subjects which would fall Lnto vari .. 
ous groups, based on combinations of variables, would range from seven 
to fifty-five for some of the analyses that ,were performed, In order 
to equalize the number of subjects in each group so that statistical 
analysis could be carried out and still meet all of the criteria for 
validity,. a special procedure was employed in this study. 
·The Oklahoma State University, l;BM 360/65 computer was used to 
c1:1rry, out the following sequence of operations: a) sort all of the 
subjects in this study into their appropriate group; b) examine the 
final size of each of the four resultant groups and note the number 
of subjects in the smallest of these; c) randomly select subjects 
from the three remaining larger groups until each group contained the 
s1:1me number of subjects as the smallest group.; d) perform the fac-
torial analysis of variance and print out the results. A commonly 
used random number generator (See Appendix I) called RANDU was used 
for the random selection of the subjects with the groups. A set of 
one hundred arbitarily chosen numbers was punched on cards and select-
ed by chance to initialize this subroutine when these analyses were 
carried out. 
CHAPTER IV 
RESULTS OF THE STUDY 
Introduction 
The goals of this study were to develop an IPI system of instruc-
tion in introductory astronomy and then to compare the gain in knowl-
edge of astronomy between that system and the lecture-demonstration 
method. A comparison in the changes in attitude towarc astronomy 
between the two sections was also a goal. In addition~ an attempt was 
made to identify certain student characteristics that interact with 
the teaching methods that were incorporated. The results of the study 
are presented in this chapter. 
Population Distribution 
The distribution of student characteristics within the LD and 
IPI Groups is shown in Table I. These results, obtained at the begin-
ning of the course from the questionnaire shown in Appendix A, reveal 
that the relative number of students having the same characteristics 
within each of the two groups is about the same with the following 
exceptions: a) calculus and physics taken in college, and b) A.C.T. 
scores, principally in natural science. 
While the A. C, T. scores could not be obtained for all subjects 
within each of the two groups, those that were obtained showed that 
37 
TABLE I 
POPULATION DISTRIBUTION WITHIN LD AND IPI GROUPS* 
Gender 
Male 
Female 
College Class 
Freshman 
Sophmore 
Junior 
Senior 
College of Enrollment 
Arts and Sciences 
Other 
Required or Elective 
Required 
Elective 
High School Courses 
Genera 1 Science 
Algebra 
Geometry 
Trigonometry 
Physics 
College Courses 
Algebra 
Trigonometry 
Analytic Geometry 
Calculus 
Physics 
A. C. T. Scores** 
Mathematics > 22 
Mathematics~ 22 
Natural Science ::> 19 
Natural Science ~ 19 
Composite > 21 
Composite ~- 21 
LD Group 
(n = 86) 
66.3 
33.7 
44.2 
27.9. 
13. 9 
13.9 
70.9 
29.1 
40.7 
59.3 
98.8 
96.5 
89.5 
47,7 
36.1 
38.4 
25.6 
20.9 
30.2 
29.l 
47.7 
31.4 
65.1 
14.0 
47.7 
31.4 
*Figures given in percent of that group. 
IPI Group 
(n = 32) 
78.1 
21. 9 
40.6 
31,3 
15.6 
12.5 
65.6 
34.4 
40.6 
59.4 
90.6 
100.0 
81.3 
40.6 
31.3 
40.6 
21.9 
25.0 
9.8 
12 .5 
34.4 
43.8 
34.4 
43.8 
37.5 
40.6 
**A. C. T, scores not available for all subjects. 
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the LD Group scores ;i.n natural science were h~gher than those in the 
IPI Group on the average. Those in the LD Group showed twice as large 
a percentage of the students had a natural science score greater than 
19 as compared to the IPI Group. ·The percentages of subjects having 
scores greater than 22 in mathematics and 21 for a composite score 
were about reversed between the two sectioni:i indicating that the LD 
Group tended to have higher A,CiT. scores in all three areas than did 
the IPI Group. 
Knowledge Comparisons 
Comparisons of the knowledge gained by the LD and IPI Groups and 
various sub-groups was measured using a pre-test post-test technique. 
The gain in knowledge was measured as the difference in the scores 
between these two instruments. 
To test the distribution of the independent variables between the 
LD and .IPI Groups and to test hypothesis 1, a t-test was employed. 
The results of these tests are shown in Table II. The t-comparison 
of the pre-test scores between the two groups clearly shows a random 
distribution of the independent variables since t 0 • 05 (120) "" 1. 98 and 
the computed t(ll()) = 0.12. This would indicate the acceptance of the 
hypothesis that there is no significant difference (0.05 level of 
confidence) between the LD and IPI Groups on their pre-test scores. 
The F-ratio test for homogeneity between these two groups also indicates 
that they are homogeneous. 
TABLE II 
COMPARISON OF LD VS IPI GROUPS ON DISTRIBUTION OF ALL 
INDEPENDEN! VARIABLES AND COGNITIVE GAIN 
Mean Standard F Degrees of 
40 
t 
Test Group Score Deviati,on Ratio Freedom Score 
Distribution LD 40.32 11. 77 
of Variahles IPI 40.0;3 13.40 1.32 116 0.12 
Cognitive LD 15.64 17.54 
Gain IPI 43.41 17.30 1,03 116 7,67 
The first hypothesis was: 
H 1: There is no significant difference (0.05 level of confi-
o 
dence) in the knowledge gained by students in the LD G;roup as measured 
by the difference in their scores on a pre-test and a post-test based 
on assessment tasks for the course terminal objectives. 
!he results shown in Table II indicate the rejecti,on of this 
hypothesis. The computed t(ll6) = 7.67 compares with the tabulated 
t 0 . 001 (120) = 3.37 using a two-tailed test. The computed F(32,86) =" 
1. 03 also compares with the tabulated F O. 05 (24,60) = 1. 70 to indicate 
the rejection of the nonhomogeneity hypothesis,.i.e., these two groups 
demonstrate homogeneity based on cognitive gain. 
The second and thi,rd hypoth~ses were: 
H 2: There is no significant difference (0.05 level of oonfidence) 
0 
in the knowledge gained by the LD and :CPI students th_at are enrolled in 
various colleges. 
H 3: There is no significant interaction (0.05 level of confi-
o 
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dence) between the LD vs :CPI methods of teaching and the students that 
are enrolled in various colleges when measured by their gain in knowl-
edge. 
The test for the random distribution of independent variables 
between the groups selected to test hypotheses 2 and 3 indicate that 
these variables are randomly distributed between the LD and IPI Groups 
but are not randomly distributed between the Arts & Sciences and Other 
Groups measured on their pre-test scores as shown in Table IV •. While 
the students in the Arts & Sciences group had a mean score on the pre-
test which was more than nine points higher than the mean score of 
those in other colleges, the distribution of these students was uniform 
between the LD and IPI Groups as indicated by the lack of signific;ant 
differences in the pre-test scores between the teach:f,ng methods or 
the interaction between methods and college as shown in Table IV. 
Hypotheses 2 and 3 will both be accepted on the basis of the 
information shown in ,Tables V and VI. While no significant differences 
were found between the students in Arts & Sciences and Other Colleges, 
nor was any significant interaction indicated. These results do provide 
additional evidence for the rejection of H 1. 
0 
Hypotheses 4 and 5 were: 
H 4: There is no significant difference (0.05 level of confidence) 
0 
in the knowledge gained by, the LD and IPI students of different class 
levels. 
H 5: There is no significant interaction (0.05 level of confi~ 
0 
dence) between the LD vs IPI methods of teaching and the students of 
diffeJ;"ent class level$ when measured by their gain in knowledge. 
TABLE III 
GROUP AND SUB-GROUP MEANS OF PRE-TEST SCORES 
FOR LD AND !PI GROUPS WFJEN DIVIDED BY 
COLLEGE IN WHICH ENROLLED* 
Arts & Sciences 
Other 
GROUP 
*n = 11 per cell 
LD 
44.00 
34.18 
39.09 
TABLE IV 
IP! 
45.18 
36.09 
40.64 
Group 
44.59 
35.14 
COMPARISON OF LD VS !PI PRE-TEST SCORES WHEN DIVIDED 
BY COLLEGE IN WHICH ENROLLED 
Factorial Analysis of Variance 
Source SS df ms F 
Total 7363 43 171 
Method* 26 1 26 0,17 
College** 983 l 983 6.19 
Method X College 2 1 2 0.01 
Error 6352 40 159 
*LD vs IP! 
**Arts & Science's VS Other 
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p 
n.s. 
( .025 
n.s. 
TABLE V 
GROUP AND SUB-GROUP MEANS OF COGNITIVE EFFECT 
FOR LD AND !PI GROUPS WHEN DIVIDED BY 
COLLEGE IN WHICH ENROLLED* 
LD IPI Group 
Arts & Sciences 17 .27 38.54 27.91 
Other 4.91 46.36 25,64 
GROUP 11.00 42.45 
*n = 11 per cell 
TABLE VI 
COMPARISON OF LD VS !PI COGNITIVE EFFECT WHEN DIVIDED 
BY COLLEGE IN WHICH ENROLLED 
Factorial Analysis of Variance 
Source SS df ms F 
'l:'otal 25900 43 602 
Method* 10820 1 10820 31.13 
College** 57 1 57 0.16 
Method X College 1120 1 1120 3.22 
Error 13902 40 348 
*LD vs IP! 
**Arts & Sciences VS Other 
43 
p 
~.001 
n,s. 
n.s. 
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Tables VII and VIII indicate that the distribution of the indepen-
dent variables between the groups selected to test the above hypotheses 
was random, based on the subject'-s scores on the pre.;..test. 
Tables IX and X show that both hypothesis 4 and hypothesis 5 
should be accepted. 
The sixth and seventh hypotheses involved high school sci.ence and 
mathematics backgrounds of the students. The tests of random distri~ 
bution of i,ndependent variables between the groups selected to test 
these hypotheses revealed that random distributi,on could not be assumed 
between the group having a strong high school science and mathematics 
background and the group having a weak background in these same areas. 
Those having a strong background i.n hi.gh scJ:iool sci,ence and mathematics 
scored an average of more than eight points higher on the pre-test. 
This experience was evenly distri.buted between the LD and IPJ;: Groups 
with no signi.ficant interaction present as shown in Tables XI and XII. 
Hypotheses 6 and 7 were: 
H 6: There is no significant difference (0.05 level of confi-
o 
dence) in the knowledge gained by the LD and IPI students havi,ng 
different high school science and mathematics preparati,on. 
H 7: There is no si,gnificant interaction (0.05 level of confi-
o 
dence) between the LD vs IPI methods of teaching and the students 
having different high school science and mathematics preparations when 
measured by their gain in knowledge~ 
The results found in Tables XIII and XIV show that both hypotheses 
will be accepted. Rejection of hypothesis 1 is again supported. 
The test for the random distri.bution of the independerit variables 
between the groups selected to test hypotheses 8 and 9 showed that 
TABLE VII 
GROUP AND SUB-GROUP MEANS OF PRE-TEST SCORES 
FOR LD AND IPI GROUPS DIVIDED BY CLASS* 
LD IPI 
Freshman 44.07 36.46 
Other 43. 77 39.38 
GROUP 43. 92 37. 92 
*n = 13 per cell 
TABLE VIII 
CO:m>ARISON OF LD VS IPI PRE-TEST SCORES 
WHEN DIVIDED BY CLASS 
Facorial Analysis of Variance 
Source SS df ms 
Total 8134 51 159 
Method* 468 1 468 
Class** 22 1 22 
Method X Class 34 1 34 
Error 7610 48 159 
*LD vs IPI 
**Freshman vs Other 
Group 
40.27 
41.58 
F p 
2.95 n.s. 
0.14 n.s. 
0.21 n.s. 
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TABLE IX 
GROUP AND SUB-GROUP MEANS OF COGNITIVE EFFECT 
FOR LD AND IPI GROUPS DIVIDED BY CLASS* 
LD IPI 
Freshman 16.15 41.46 
Other 7.23 48.15 
GROUP 11.69 44.81 
*n = 13 per cell 
TABLE X 
COMPARISON OF LD VS IPI COGNITIVE EFFECT 
WHEN DIVIDED BY CLASS 
Fa.ctorial Analysis of Variance 
Source SS df ms 
Total 27034 51 530 
Method* 14256 1 14256 
Class** . 16 1 16 
Method X Class 792 1 792 
Error 11969 48 249 
'il'LD vs IP! 
**Freshman vs Other 
Group 
28.81 
27.69 
F 
57.17 
0.06 
3.18 
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p 
<.001 
n,s. 
n.s. 
No. 
No. 
TABLE XI 
GROUP AND SUB-GROUP MEANS OF PRE-TEST SCORES 
FOR LD AND IPI GROUPS WHEN D~VIDED BY 
HIGH SCHOOL SCIENCE AND MATHE.MATICS 
BACKGROUND* 
LD IPI Group 
Courses $ 3 39.80 37.53 38.67 
Courses >3 48.20 45.27 46.73 
GROUPS 44.00 41.40 
*n = 15 per cell 
TABLE XII 
COMPARISON OF LD VS IPI PRE .. TEST SCORES WHEN DIVIDED 
BY HIGH SCHOOL SCIEl\TCE AND .MATHEMATICS BACKGROUND 
Factorial Analys:f,;s of Variance 
Source SS df ms 
Total 10501 59 178 
Method* 101 1 101 
Background** 976 1 976 
Method. X Background 2 1 2 
Error 9422 56 168 
*LD vs IPI 
**No. Courses ~3 vs No. Courses > 3 
F p 
0.60 n.s. 
5.80 <..025 
0.01 n.s. 
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TABLE XIII 
GROUP AND SUB-GROUP MEANS OF COGNITIVE EFFECT 
FOR LD AND TPI GROUPS WHEN DIVIDED BY 
HIGH SCHOOL SCIENCE AND MATHEMATICS 
BACKGROUND* 
LD IPI Group 
No. Courses ~ 3 9.87 39.87 24.87 
No. Courses >3 15.73 44.47 30.10 
GROUP 12 .80 42.17 
*n = 15 per ce.11 
TABLE XIV 
COMPARISON OF LD VS !Pl COGNITIVE EFFECT WHEN DIVIDED 
BY HIGH SCHOOL SCIENCE AND MATHEMATICS BAC.KGROUND 
Factorial Analysis of Variance 
Source SS df ms 
Total 29799 59 
Method* 12936 1 
Background** 411 1 
Method X Background 6 1 
Error 16446 56 
*LD vs IPI 
**No, Courses ~3 vs No. Courses >3 
505 
12936 
411 
6 
294 
44.05 
·t.40 
0,02 
48 
p 
~.001 
n,s. 
n.s. 
49 
these variables were not significantly grouped as measured by the 
pre-test scores of the subjects in these groups. The result:~ are 
shown in, Tables .X:V and X.VI. 
Hypotheses 8 and 9 were: 
H 8: '!'here is no signifi.cant difference (0.05 level of confidence) 
0 
in the knowledge gained by the LD and J;PX students having different 
college science and mathematics preparation. 
H 9: There i,s no significant; i,nteraction (O. 05 level of confi-
o 
dence) between the LD vs IPX methods qf teaching and the students 
having different college science and mathemati.cs preparation measured 
by their gain in knowledge. 
The results shown in Tables XVJ;I and, XVIII indicate that hypoth-
esis 8 ~ill be rejected and that hypothesis 9 will be accepted, Hy-
pothesis 1 rejection is again supported. The rejection of hypothesis 
8 (0.01 level of confidence) is indicated in the difference of the 
grouB means with those students that had a strong college science and 
mathematics background having an average gain i.nknowledge of more 
than eleven points greater than those having a weak college backgrounp 
in science and mathematics. The greatest cli.fference occurred in the 
. LD Group as shown in Table XVII. 
Hypotheses 10 and 11 were: 
H 10: There is no significant difference (0.05 level of confi~ 
0 
dence) in the knowledge gained by the LD and IPI students of different 
gender. 
H 11: There is no significant interaction (0.05 level of conf:i, ... 
0 
dence) between the LD vs IPI methods of teaching and the students of 
different gender when measured by.their gain.in knowledge. 
TABLE XV 
GROUP AND SUB-GROUP MEANS OF PRE-TEST SCORES 
FOR LD AND IPI GROUPS WHEN DIVIDED BY 
COLLEGE SCIENCE AND MATHEMATICS 
. BACKGROUND* 
LD .IPI Group 
No. Courses = 0 36. 77 34.69 35.73 
No. Courses > 0 36. 77 44.00 40.38 
GROUP 36. 77 39.35 
*n = 13 per cell 
TABLE XVI 
COMPARISON OF LD VS IPI PRE-TEST SCORES WHEN DIVIDED 
BY COLLEGE SCIENCE AND MATHEMATICS BACKGROUND 
Factorial Analysis of Variance · 
Source SS df ms F p 
Total 5967 51 117 
Method* 86 1 86 0.78 n.s. 
Background** 282 1 282 2.54 n.s. 
Method X Background 282 1 282 2.54 n.s. 
Error 5317 48 .111 
*LD vs IPI 
**No. Courses = 0 vs No. Cpurses >" 0 
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TABLE XVII 
GROUP AND SUB-GROUP MEANS OF COGNITIVE EFFECT 
FOR LD AND IPI GROUPS WHEN DIVIDED BY 
COLLEGE SCIENCE AND MATHEMATICS 
BACKGROUND* 
LD IPI Group 
No. Courses = 0 2.08 42.38 22.23 
No. Courses ?> 0 21.38 46.08 33.73 
GROUP 11. 73 44.23 
*n = 13 per cell 
TABLE XVIII 
COMPARISON OF LD VS IPI COGNITIVE EFFECT VlREN DIVIDED 
BY COLLEGE SCIENCE AND MATHEMATICS BACKGROffi\l'D 
Factorial Analysis of Variance 
Source SS df ms 
Total 27817 51 545 
Method* 13731 1 13731 
Background** 1719 1 1719 
Method X Background 792 1 792 
Error 11574 48 241 
*LD vs !PI 
**No. Courses = 0 vs No. Courses )' 0 
F 
56.95 
7.13 
3.29 
p 
<.001 
<.Ol 
n.s. 
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Independent variables were not randomly distributed between the 
male and female groups selected to test these hypotheses as shown in 
Tables XIX and XX. The males scored an average of more than fifteen 
points higher on the pre-test. The independent variables were randomly 
distributed between the LD and IPI Groups as measured by the pre-test 
scores. 
Based on the results shown in Tables XXI and XXII, hypothesis 10 
will be accepted and hypothesis 11 will be rejected. Both of these 
decisions must be tentative, however. These results are based on a 
cell size of seven subjects per cell with a minimum of ten bei,ng the 
generally accepted rule for an analysis of this type. It is inter-
esting to note that the first interaction is indicated by these results. 
The female subjects scored on the average more than five points greater 
gain in knowledge in the IPI Group while the males indicated an average 
gain in knowledge of twenty points more than the females in the LD 
Group. 
The test for the random distribution of independent variables 
between the low mathematics A. C. T. score group and hi,gh mathematics 
A.C.T. score group, within the LD and "IPI groups~ indicated th~t random 
distribution based on the pre-test scores of these groups can be 
assumed, as shown in Tables XXIII and XXIV. 
The hypotheses involving A.<:;. T. scores in mathematics are: 
H 13: There is no significant difference (0.05 level of confi-
o 
dence) in the knowledge gained by the LD and IPI students having 
different A.C.T. scores in mathematics. 
H 14: There is no significant interaction (0.05 level of confi-
o 
dence) between the LD vs IPL methods of teaching and the students 
TABLE XIX 
GROUP AND SUB-GROUP MEANS OF PRE-TEST SCORES 
FOR LD AND IPI GROUPS DIVIDED BY GENDER* 
LD lPI 
Male 46.43 48.57 
Female 36.29 28.29 --~ 
GROUP 41.36 38.43 
*n o:: 7 per cell 
TABLE XX 
COMPARISON OF LD VS IPI PRE-TEST SCORES 
WHEN DIVIDED BY GENDER 
Factorial Analisis of Variance 
Source SS df ms 
Total 7051 27 261 
Method* 60 1 60 
Gender** 1620 1 1620 
Method X Gender 180 1 180 
Error 5190 24 216 
*LD vs IPI 
**Male vs Female 
Group. 
47.50 
32 .29 
F p 
0.28 n.s. 
7 .49 <:.025 
0.83 n.s. 
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TABLE XXI 
GROUJ:> AND SUB-GROUP MEANS OF COGNITIVE EFFECT 
FOR LD AND !PI GROUPS DIVIDED BY GENDER* 
LD IPI 
Male 23.29 42.00 
Female 3.29 47. 71 _,_.-
GROUP 13.29 44.86 
*n = 7 per cell 
TABLE XXII 
COMPARI~.ON OF LD VS IPI COGNITIVE EFFECT 
WHEN DIVIDED BY GENDER 
Factorial Analysis of Variance 
Source SS df ms 
Total 14694 27 544 
Method* 6977 1 6977 
Gender** 357 1 357 
Method :X Gender 1157 1 1157 
Error 6202 24 258 
*LD vs IPI 
**Ma.le vs Female 
Group 
32 .64 
25.50 
F p 
27 .oo ti(,,_ .001 
1.38 n,s. 
4,48 <.os 
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TABLE XXIII 
GROUP AND SUB-GROUP MEANS OF PRE-TEST SCORES 
FOR LD AND IPI GROUPS WHEN DIVIDED BY 
A. C. T. SCORES IN MATHEMATICS* 
LD IPI Gr<;>Up 
MA Score '22 33~91 38.18 --""!' 36.05 
MA Score >22 42.91 42.00 42,45 
GROUP 38.41 40.09 
*n = 11 per cell 
TABLE xx:i:v 
C0?1PARISON OF LD VS IPI PRE-TEST SCORES W,HEN DIVIDED 
BY A. C. T. SCORES IN MATHEMATICS 
Factori&l Analysis of Variance 
Source SS df ms F 
Total 6584 43 153 
Method* 31 1 31 0.21 
MA Score** 451 1 451 3.00 
Method X MA Score 74 .1 74 0.49 
Error 6028 40 151 
*LD vs !Pl 
**MA Score ~ 22 vs MA Score> 22 
55 
p 
n,s. 
n.s. 
n.s. 
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having different A.C.T scores in mathemat:tcs when measured by their 
gain in knowledge. 
Tables XXV and XXVI show that both of these hypotheses will be 
accepted. 
Tables XXVII andXXVIII show that those subjects that had high 
A~C.T. scores in ~atural science scored significantly higher on the 
pre-test than those who had low scores. Random distribution of the 
independent variables between these two groups does not exist on the 
basis of this test, it does exist between the LD and IPI groups 
selected to test the next hypotheses, however. 
Natural science A,C.T, scores were included in hypotheses 14 and 
15 which were: 
H 14: There is no significant difference (0,05 level of confi .. 
0 
dence) in the knowledge gained by the LD and IP:r; students having 
different A.C.T. scores in natural science. 
H 15: ·There is no significant interaction (O. 05 level of confi .. 
0 
dence) between the LD and l;PI methods of teaching and the students 
having different A,C.T. scores in natural science when measured by 
their gain in knowleqge. 
Tables XXIX and XXX show that both hypotheses 14 and 15 will be 
accepted. 
A comparison of those students having high vs low compositeA.C.T. 
scot;"es was made. 'l'he tei:;t for the distribution of independent variables 
between the groups selected for analysis revealed that these variables 
were randomly distributed between the LD and IPI groups but not 
between the high and.low A.C;T. composite scores, as shown in Tables 
· XXXI and XXXII. 
TABLE XXV 
GROUJ;> AND SUB-GROUP MEANS OF COGNITIVE EFFECT 
FOR LD AND IPI GROUPS WHEN DIVIDED BY 
A. C. T. SCORES IN MATHEMATICS* 
LD IPI Group 
MA Score ~ 22 8.82 43.18 26.00 
MA Score >22 24.36 47.73 36.05 
GROUP 16.59 45.45 
*n ::;: ii per cell 
TABLE XXVI 
COMPARISON OF LD VS IPI COGNITIV~ EFFECT WHEN DIVIDED 
BY A. C. T. SCORES IN MATHEMATICS 
Factorial Analysis of Variance 
Source SS df ms F 
Total 22026 43 512 
Method* 9164 1 9164 32 .10 
MA Score** 1110 1 1110 3.89 
Method X MA Score 333 1 333 1.17 
Error 11420 40 286 
*LD vs IPI 
**MA Score ~ 22 vs MA Score > 22 
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p 
~.001 
n.s. 
n.s. 
TABLE XXVII 
GROUP AND SUB-GROUP MEANS OF PRE-TEST SCORES 
FOR LD AND IPI GROUPS WHEN DIVIDED BY 
A. C. T. SCORES IN NATURAL SC.IENCE* 
LD IPI Group 
NS Score~. 19 32.00 30.73 ·-~- 31.36 
NS Score > 19 49.27 45.45 47 .36 
GROUP 40.64 3.8.09 
*11 = 11 per cell 
TABLE :XXVII I 
COMPARISON OF LD VS IP! PRE-TEST SCORES WHEN DIVIDED 
BY A. C. T. SCORES IN NATURAL SCIENCE 
Factorial Analysis of Variance 
Source SS df ms F 
Total 7184 43 167 
Method* 71 1 71 0.67 
NS Score** 2816 1 2816 26.32 
Method :X NS Score 18 1 18 0.17 
Error 4279 40 107 
· *LD vs IP! 
**NS Score ~19 vs NS Score,.. 19 
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p 
n.s. 
~ .001 
n.s. 
TABLE XXIX 
GROUP AND SUB-GROUP MEANS OF COGNITIVE EFFECT 
FOR LD AND IP! GROUPS WHEN DIVIDED BY 
A. C. T. SCORES IN NATURAL SCIENCE* 
LD IP! Group 
NS Score ~ 19 13.54 42.91 ~., ... 28.23 
NS Score >'19 12.00 48.27 30.14 
GROUP 12. 77 45.59 
*n = 11 per cell 
TABLE XXX 
COMPARISON OF LD VS IP! COGNITIVE EFFECT WHEN DIVIDED 
BY A. C. T. SCORES IN NATURAL SCIENCE 
Factorial Analysis of Variance 
Source SS df ms F 
Total 23053 43 536 
Method* 11847 1 11847 42. 95 
NS Score** 40 1 40 0.15 
Method :X NS Score 131 1 131 0.48 
Error 11034 40 276 
*LD vs IPI 
**NS Score ~ 19 vs NS Score> 19 
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p 
<'..001 
n.s. 
n.s. 
Hypotheses 16 and 17 were: 
H · 16: 'I;here i.s no si.gni.fi.cant di.ff erence (0. 05 level of confi.-
o 
dence) in the knowledge gained by, the LD and IPI students having 
di.fferent composite A.C.T. scores. 
H 17: ·There is no significant interaction (0.05 level of confi-
o 
dence) between the LD vs IPI methods of teaching and the students 
having di.fferent composite A.C.T. scores when measured by their gain 
. in knowledge. 
The results of this study, shown in Tables :XXXIU and XXXXV, 
indicate that both hyp0thesh 16 and hypothesis 17 will .be accept;ecl.. 
!he mean knowledge gained was more than six points greater for the 
hi.gh A. C, T. composj_te score group and the low scoring group mean was 
slightly greater in the IPI group than the high scoring group; but 
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neither of these effects was found to be significant at the 0.05 level. 
Further evidence for the rejection of hypothesis 1 was found in these 
results. 
Do those students who are taking the course as a reqµirement gain 
more or less from the· course than those taking i.t as an electi,ve? 
Hypotheses 18 and 19 address themselves to this question. They were: 
H 18: • There is no signifi.cant di,fference (O. 05 level of confi-
o 
dence) in the knowledge gained by, theLD and IPI students who were 
taking.the course to fulfill a requirement and those who were not. 
H 19: There is no significant interaction (0.05 level of confi.-
0 
dence) between the LD vs IP:( methods of teaching students who were 
taking the course to fulfill a requirement vs those who were not when 
measured by. their gain in knowledge. 
CM 
CM 
TABLE XXXI 
GROUP AND SUB-GROUP MEANS OF PRE-TEST SCORES 
FOR LD AND !PI GROUPS WHEN DIVIDED BY 
COMPOSITE A. C, T, SCORES* 
LD IPI Group 
Score~ 21 35.42 30.58 33.00 
Score >21 44. 92 47.50 46 .21 
GROUP 40.17 39.04 
*n = 12 per cell 
TABLE XXXII 
COMPARISON OF LD VS IPI PRE-TEST SCORES WHEN DIVIDED 
BY COMPOSITE A,C,T. SCORES 
Factorial Analysis of Variance 
Source SS d:f ms F 
Total 8222 47 175 
Method'>'' 15 1 15 0 .11 
CM Score** 2093 1 2093 15.49 
Method X CM Score 165 1 165 1.22 
Error 5948 44 135 
*LD vs IPJ; 
**CM Score ~21 vs CM Score ";? 21 
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p 
n.s. 
<.001 
n.s. 
TABLE XXXI II 
GROUP AND SUB-GROUP MEANS OF COGNITIVE EFFECT 
FOR LD AND IPI GROUPS WHEN DIVIDED BY 
COMPOSITE A. C. T. SCORES* 
LD IP! Group 
CM Score -' 21 7.50 43.75 
---'!'!" 25.63 
CM Score > 21 22.08 41. 92 32.00 
GROUP 14.79 42. 83 
*n = 12 per cell 
TABLE XX.XIV 
COMPARISON OF LD VS IP! COGNITIVE EFFECT WHEN DIVIDED 
BY COMPOSITE A. C, T. SCORES 
Factorial Analysis of Variance 
Source SS df ms F 
Total 23745 47 505 
Method* 9436 1 9436 31.91 
q.I Score** 488 1 488 1.65 
Method X CM Score 809 1 809 2.73 
Error 13013 44 296 
*LD vs IP! 
**CM Score ~ 21 vs CM Score >21 
62 
p 
4.001 
n.s. 
n.s. 
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A test of the groups selected to test. these h~potheses revealed 
that independent: variables were randomly distributed between these 
groups as shown in TablesXXXV and XXXVI. 
The results of this study shown in Tables. XXXVU and XXX:VIII 
reveal that while those taking the course as an elective gained more 
than six points more knowledge than did those who were taking it as a 
requirement, the difference was not significant. Hypotheses 18 and 19 
will be accepted. 
Attitude Comparisons 
A comparison of the change in attitude toward astronomy between 
the LD and IPI Groups was made. · This change was measured by using a 
pre-test post-test measurement with their change in attitudes being the 
difference in the score made on. these two instruments. A test for the 
random distribution of independent variables that can effect attitude 
was made by testing.the pre-test scores for significant differences 
between the LD and IPI Groups. 
The results of this study, shown,in Table XXXIX, reveal tqat 
those independent variables which might influence attitudes toward 
astronomy were randomly distributed between the LD and .. !PI groups. 
The pre-test scores also demonstrated that the groups were homogeneous 
on their attitudes toward astronomy. 
Changes in attitude toward astronomy was involved in hypothese 20 
which was: 
H 20: There is no i?ignificant difference (0.05 level of confi-
o 
dence) in the change in attitudes toward astronomy in the LD Group 
and those.in the :CPI Group as measured by the difference in their 
TABLE XXXV 
GROUli' AND SUB-GROUP MEANS OF PRE .. TEST SCORES 
FOR LD AND IPI GROUPS WHEN DIVIDED BY 
REQUIREMENT CRITERIA* 
LD IPI Group 
Required 36.77 40.85 38.81 
Elective 38. 77 38.85 38.81 
GROUP 37.77 39.85 
*n ;:: 13 per cell 
TABLE XXXVI 
COMPARISON OF LD VSIPI PRE .. TEST SCORES WHEN DIVIDED 
BY REQUIRE.ME;NT CRITERIA 
Factorial Analysis of Variance 
Source SS df ms F p 
Total 7326 51 143 
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Method* 56 1 ,56 0.37 n.s. 
Criteria** 0 1 0 0.00 n.s. 
Method X Criteria 52 1 52 0.35 n,s. 
Error 7218 48 150 
*LD vs IPI 
**Required vs Elective 
T.ABLE XXXVII 
GROUP AND SUB-GROUP ME;ANS OF C.OGNITIVE SCORES 
FOR LD AND IPI GROUPS WHEN DIVIDED BY 
REQUIREMENT CRITERIA* 
LD IPI Group 
Required 14 .• 54 37. 92 26.23 
Elective 18.85 46.08 32 .46 
GROUP 16.69 42.00 
*n = 13 per cell 
TABLE XXXVIII 
COMPARISON OF LD VS IPI COGNITIVE EFFECT WHEN DIVIDED 
BY REQUIREMENT CRITERIA 
Factori,~l Analysis of Variance 
Source SS df ms 
Total 21212 51 416 
Method* 8326 l 8326 
Criteria** 505 1 505 
Method X Criteria 48 ·l 48 
Error 12333 48 257 
*LD VS IPI 
**Required vs Elective 
F 
32 ~41 
1.96 
0.19 
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p 
.::::.001 
n.s. 
n.s. 
scores on a pre .. test and a post-test of the Likert type. 
TABLE-XXXIX 
. COMPARISON OF :LD VS IP! GROUPS ON DISTRIBUTION OF INDEPENDENT 
. VARIABLES AND CHMGE IN ATTITUDE · · 
·Mean · Standard F Degrees of 
Test Group Score Deviation R;:i.tio Freedom 
D:i.stribut:i.on LD 84.19 8.32 
of Variables IPI 84.84 7.24 l. 32 116 
Change :1,n LD 4 .. 09 10.54 
Attitude IP! 4.16 8.42 1.57 116 
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t 
Score 
0,39 
0.03 
The findings of this study, shqwn in Table XXXIX, indicate that 
both groupi;iincreased their positi,ve attitudes toward astronomy during 
the course of the semester, Both their pre-test mean scores and their 
positive changes in attitude were sim:i,lar. Hypothei:iis 20 will be 
accepted. 
SUMMARY, CONCLUSIONS,,AND RECOMMENDATIONS 
·Summary 
This study was carried out by first developing an individually pre-
scribed in$truction system which incorporated self-pacing. A twenty~unit 
course based on seventeen terminal objectives, selected from numerous ob-
jectives identified by the co-designers of the course, was constructed . 
. Each unit cons;i.sted of from two to five unit objectives that were a part 
of the learning hierarchy leading to the terminal objectives. 
I 
Unit Learning Pabkages were developed, each consisting of a state-
ment of each unit objective,.a set of suggested learning activities, and 
several self-assessment items to be used by the student to evaluate his 
own ability to achieve the unit objectives where they were deemed nee-
essary by the course desigqers, A sample Unit L!'!i:irning Package ~an be 
fqund in Appendix1G, 
An Astronomy Learning Laboratory was established. This laboratory 
contained the equipment, media, and literature that were needed for the 
successful comJ?letion of all of the course objectives. The Astronomy 
Learning Laboratory was open with an instructor in attendance from 1:00 
p.m. to 5:00 p,m. Monday through Friday. Students in the IPI Group would 
come to work in this laboratory on the day and hour of their own choosing. 
Because of the self-paced feature of the IPI section, that section 
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was monitored closely to follow the progress of each member through the 
course to its completion. A sign-in sign-out system was used in the 
Astronomy Learning Laboratory to monitor the time spent in that facility 
by each student. This monitoring revealed that at the end of the semes-
ter each member of the IPI section which is included in this study had 
made an average of 27.9 visits to the laboratory during the semester. 
The average visit lasted 62 minutes meaning the average student spent a 
total of 28 hours in the learning laboratory during the semester. This 
compares with about 46.5 hours spent in the classroom by the students in 
the LD section, assuming perfect attendance. 
A series of films dealing with astronomical topics was scheduled 
throughout the semester. These films were shown to the LD section dur-
ing regular claes hours. The same films were shown for those in the IPI 
section at a scheduled ti.me and place announced at the beginning of the 
semester. Attendance at these showings mor students in the IPI Group 
was voluntary, 
Weekly evening viewing sessions were offered to both sections on 
a voluntary attendance basis for the purpose of viewing astronomical 
telescopes. 
Twenty of the thirty•two students in the IPI section which are 
included in this study completed all twenty units of the course. 
One of these students completed the twenty units four weeks prior to 
the end of the semester. One student in this sect~on had completed 
five units when the semester ended. 
Conclusions 
Differences :i,.n the knowledge gained by the LD and IPI Groups was 
demonstrated to be significant at.0°th·t:i O. 001 level of con£idence· in; 
both the t-test on the groups as a whole and the n:i,.ne factori,al anal-
yses of variance that were carried out to analyze di,ff erences i,n cog .. 
nitive effect on sub-groups wi,thin the treatment groups. These 
ences were measured by, the difference :l.n pl;'e-test post-test scores on 
assessment tasks for the seventeen termi,na.l objectives of the course. 
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Of the nin,eorganimi.stic variables studied, five of these var.tables 
showed significant differences between subjects on the pre-test. These 
va:ri.ables were: .1) college in which the student was .enrolled;. with 
those enrolled .in· Arts.& Scieq.oes scori,ng significantly higher than 
those i,n other colleges; 2) high school science and mathematics back-
ground; those having a strong background; sao:i:'ing significantly higher 
on the pre ... test than those having a weak background; 3) gender, the 
males scored signtf:(.cantly hi,gher on the pre-test than the females; 
4) ~. C·, T. score in natur.al science, those hav:l,ng a higher NS score 
scored higher on the pre .. test;· and 5) composite A.C.T. scores; again~ 
the higher A. c. T. score coi,nc:f.ded with the higher pre .. test score, 
None of these differences were repeated when the cognitive effect was 
measured, meani,ng that the knowledge gained was not statistically 
different within any.of the five gtoups that demonstrated a difference 
on the pre-test. 
· Those students in botih the LD and !Pl; sections that have taken 
none of the college science and mathematics courses included in this 
study showed no.statistical di.fference in their pre .. test scores but 
did show a significant difference in the knowledge gained (0.01 level 
of confidence). The major d:ifference. in this g:roup was found in the 
LD Group where those who had taken one or more of the college science 
and mathematics courses included in this study. showed a mean gain in 
knowledge that was ten times greater than the mean of those who had 
taken no college science or mathematics courses. 
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One interaction was discovered in this study. The female subjects 
in the IPI Groups had a ~ean cognit~ve effect that was 5.71 points 
higher than the males in that group while the males in the LD Group had 
a mean cognitive effect that was 20.00 po:l.nts greater than the females 
in that group. No firm conclusion can be drawn from this measurement 
however, since the number of subjects available for this test was only 
seven per cell with ten geaerally considered to be the minimum numbe:i; 
necessary to produce statistically significant results. 
Further measures of the comparison of gain in knowledge between 
the LD and IPI Groups can be found in Appendix J. These results indi-
cate that when the gain.in knowledge was measured with a 100 item 
multiple choice test, known also as the final test, the LD Group scored 
significantly higher (0,05 level of confi.dence) when compared with the 
IPI Group using a t-test .. When repeated measures of comparison between 
groups on t;:he nine organimii:;tic var·iables, using the same subjects that 
were selected for these comparisons on the cognitive effect, only two 
of the nine measures detected significant differences between the LD 
a.nd IPI Groups. While one organimistic variable (college science and 
mathematics background) showed a significant difference on the cognitive 
effectl> five organimistic variables showed sign,ificant differences on 
the fi,p.al test •. One int:leraction was also detected, that being between 
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•A.C.T. scores in mathematics and teaching method (LD vs IPI). Those 
subjects having an A .. C. T, score greater than twenty .. two in mathematics 
had a mean score on the final test that was 12.37 points higher than 
those subjects having a lower A;C. T. score in mathematics. The differ-
ence in the IPI section between the sai:ne groups was 0.64 points. 
· '.rhe di,fference between the LD and IPI Groups on the final test 
as measured by the t-test may not be reliable because of the apparent 
role that science and mathematics background and innate abilities as 
measured by the A.C.T. test played a role in the final test scores. 
These variables may not have been uniformly distributed between the 
two sections as indicated in Table I. 
One factor that may have influenced both measures of the response 
of the LD and IPI subjects to the treatments included in this study 
was the conditioning of each group to certain evaluation techniques. 
The LD section was tested four times during the semester with multiple 
choice and true-false items on each examination. The IPI section was 
testedover each unit that a subject completed with an examination 
consisting of assessment tasks for the unit objectives, U condition-
ing was a factor, such conditioning would favor the IPI Group on the 
measurement of cognitive effect and the LD Group on the f:i.nal test. 
Assuming that the seventeen te.rminal objectives defined for the 
course represented.the complete set of desirable outcomes for an 
introductory astronomy course, it must be concluded that the IPI Group 
was significantly superior to the LD Group in terms of the knowledge 
of astronomy that they gained during the period covered by thi.s study, 
If it cannot be assumed that the terminal objectives represented 
the complete set of desirable outcomes for an introductory astronomy 
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course, but that some of these outcomes can be measured by the final 
test, then, ·the supei:ior:ity of ·.the :I·~I method of .instruction comes .into 
some doubt. It would then be possible to conclude that neither the LD 
nor IPI methods were demonstrated to be superior. On ·.the tO-ther hang, 
the unanimous measures favoring the IP~ method on cognitive effect 
versus the somewhat doubtful measures favoring the LD method on the 
final test would seem. to indicate to thif;l investigator that the IP:( 
method .has been demonstrated to be superior when all factors are taken 
together. 
In an effort to compare the effect of the teaching methods employ-
ed in this study on the student's atttttudes toward 'the subject matter 
being taught, a measure of their changes in attitude toward astronomy 
was made using a pre-test and post-test techni,que, It was found that 
within the range of sensitivity that this measure was capable of 
detecting, no significant ciifference between ·the LD •a;m~fUU~'i;$l;l'~s 
existed either at the beg:i,.nning of the semester or at the end of the 
semester. Both sections indicated a small positive increase in their 
attitudes toward astronomy during the course of this study. 
The following conclusions result from this study: 
1. There was a strong statistically significant difference (0.001 
level of confidence) in the knowledge gained when comparing the LD and 
IPI Groups. This difference favored the IPI Group. 
2, Only.those students having taken one or more of those college 
science and rnathemati,cs courses included in this study, versus'those 
that had taken none, showed a statistically different gain in knowledge, 
None of the other eight organimistic variables studied were found to 
show a s:i,.gnifi.cant difference in.knowledge gained. 
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3. Gender produced the only statistically significant detectable 
interact:i,on between the nine organimisti,c variables studied and the 
teaching methods (LD vs IPI) employed. No firm conclusion can be drawn 
from this finding; however, because there was not a sufficient number 
of subjects included in this test. 
4. There was no detectable difference in the changes in attitude 
toward astronomy when comparing the LD and IPI Groups. 
Recommendations 
1. On the basis of the f:i,nd:i,ngs of this study, it is strongly 
recommended that self-paced individually prescribed instruction be 
continued at the introductory level of astronomy. 
2. It is recommended that further st1,1dy of the relative merits of 
IPI be carried out, particularly with regard to the efficient uses of 
resources. No attempt was made to evaluate the faculty effort or 
physical resources required to execute this course. The positive 
results shown by the IPI Group in this study would indicate to this 
investigator that some additional use of resources should not be the 
sole reason for rejecting the IPI method of teaching. The comparative 
effectiveness of each method should be weighed against the use of 
resources before a final judgement is made. 
3. It is recommended that additional experimental studies be 
carried out to determine the effectiveness of individually prescribed 
instruction at all levels of college instruction. While it seems 
logical that introductory courses lend themselves most rapidly to this 
type of instruction, other more advanced courses may also be found 
suitable, and indeed desirable candidates for individualized instruction, 
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4. Effective and efficient learning systems should be a goal of 
all who are involved in the teaching-learning process. Continued study 
of the relationship between various student characteristics and the 
learning system should be carried out until each student can be placed 
in the learning system that is best suited to his own unique set of 
characteristics. 
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Name Student No. 
___ La __ s_t------~F~i-r_s_t ______ Mi __ d_d~l~e---
To Respond - Circle the correct answer 
--------
(1) Male 
(2) Female. 
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Class (1) Fr. (2) So. (3) Jr. (4) Sr. (5) Other ____ (specify) 
College (1) Agr.iculture (2) Arts and Sciences 
(4) Education (5) Engineering 
(7) Technical Institute (8) Unclassified 
Why are you taking this course?· 
(1) !t is required (2) As an elective 
Who Recommended this course? 
(3) Business 
(6) Home Economics 
(9) Graduate 
(1) Your college. advisol" (2) Otlier students (3) High' School teacher 
(4) Parents (5) Self, 
Who made the final decision? 
( 1) Advillor (2) Self· (3) ·Self and Advisor 
Have you had experience using an astronomical telescope? 
(1) Yes (2) No' j' 
If your answer is Yes; wouldlyou be willing to help with the observing sessions 
for the General Astronomy class, and on public viewing nights? 
(1) Yes 
; ' 
(2) No ~ 
r 
I 
The following questions do .!!.2!. ~ettain to any requirements for this course. 
They are being asked for information only. 
,· I 
Which of the following High School courses have you taken? 
I 
(1) Algebra (2) Geometry 1 (3) Trigonometry (4) Physics (5) Astronomy 
(6) General Science · 
Which of the following College courses have you taken? 
(1) Algebra 
(5) Physics 
(2) Trigonometry (3) Analytic Geometry 
Have you decided on your college major yet? 
(1) Yes (2) No 
(4) Calculus 
If your answer was Yes; please write your major in the following blank •. 
College Major 
APPENDIX B 
ATTITUDE SCALE 
81 
82 
Please check the following as quickly and candidly aa posaible. Respon8es will not 
be considered until after final grades are determined. 
Strongly 
Agree Agree 
Astronomy does not have any practical value. S 
The rings of Saturn are not really interesting. S 
I hope that I can see a major comet in the next 
few years. S 
Galaxies may be fascinating to some people, but 
I do not find them interesting. S 
Studying about binary star systems is interest-
ing. 5 
The Hubble classification of galaxies is a waste 
of time. 5 
If OSU had another Astronomy course, I would 
enroll for it. 5 
It is fascinating to think about living on 
another planet. 5 
A telescope in space would be worth the effort 
to put it there. S 
I would not be interested in joining the American 
Association of Variable Star Observers. 5 
Astronomy is not one of the more advanced sciences5 
I would not like to be an amateur astronomer. 5 
Looking through a telescope becomes boring after 
a while. 5 
I believe that a career in Astronomy would be 
a rewarding one. 5 
I would like to know more about quasi-stellar 
sources. 
OSU should not have an observatory of its own. 
I think that Astronomy is so interesting that I 
am going to reconunend it to my friends. 
If there were more astronomers, the world would 
be a better place to live. 
"Astronomical numbers" do not interest me. 
It is interesting to know how the universe 
was formed. 
The U.S. Space Program should concentrate more 
on research in Astronomy. 
I plan to subscr~be to Sky and Telescope. 
I am not interested in trying to understand 
the H-R diagram. 
The government should not spend more money on 
Astronomy. 
5 
s 
5 
5 
5 
5 
5 
5 
5 
s 
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4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
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4 
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4 
4 
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4 
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4 
4 
4 
Strongly 
Neutral Disagree Disagree 
3 
3 
3 
3 
3 
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3. 
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Astronoiqy 1104 
In the interest of trying to improve this course in, Elementary Astronoiqy, 
you are about to participate in an activity that may prove to be frustrating. 
You uiay not be able to do some of the things that you will be ~eked to do in 
the next few minutes, but DO NOT WORRY! This exercise will ~ influence you~ 
final grade in this course one way or the other, nor will the results of your. 
work on this exercise predict your final grade in this course, so DO !Q! WORR~! 
If you have now laid your worries aside, and it is hoped that you have, 
then one more admonition, please .!!2_your !?!!!, in other words, try as hard as 
you can. 
Your cooperation i• greatly appreciated. 
l.Before you are the plcture1 of 1lx a1tronomlcal object1 0 each ldentlfled with 
a number, Each of these objects ls at a different distance from our Sun. Rank 
thue objects according· to their distance from the Sun by placing the number of 
the object in·the proper blank. 
____ Closest to the Sun 4th 
----
___ 2nd 
____ 5th 
____ 3rd 
---- Farthest from the Sun 
Each of these same six objects has a different' true size. Rank the1e objects 
according to their true size by placing the number of each object in the proper 
blank. 
____ Larg .. t 
___ 2nd 
..__ __ 3rd 
___ 4th 
-,-.-- 5th 
----Smallest 
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2 •Before y~u ii a picture of the 1urface of the Koon. Certain feature• are pointed out 
by numbered arrow•. A single arrow with a given number i1 u1e4 to point to small 
distinct fe1turo1 1 while two arrows bearing the 11me number are used to point out 
· • feature that ia found i111111ediately between them. Below you will find a lilt of. the 
·names of lunar feature1 0 each being preceeded by a blank. Place the number found on 
. * each of the 1rrow1 ln the picture in the blank that preceed1 the name of that feature. 
____ crater 
____ walled plain 
____ mare (HI) 
___ rill 
---- hlghland1 
____ limb 
____ ray 
____ dome 
---- mountain• * --~- terminator , 
More than one arr!IW may be pointing at a feature havlna the 11me name. 
In that CIH• that blank would contain two or mor.e numbers, 
3.Before you are the 1pectrograma of four different stars. Rank these star• from 
the co.olest to th• hottest by· placing the nu;nber of each spectrogram in the 
appropriate blar.k giv~n below, 
___ CoolHt ___ 2nd ___ 3rd ___ Hott .. t 
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Figure 1. Photograph used for question #1 on the pre-test 
Figure 2. Photograph used for question #2 on the 
pre-test 
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.. 
4.Before you 1• a white light photograph of t~e Sun. Certain feature• are pointed e>Ut· 
by the numbered arrows •. A ~Ingle arrow having a given number 1• used to point out 
... 11 distinct feature•~ while a pair of arrows bearing the ••me number.la used to 
point out larger features that are found between the arrows •. Below la.a list of the 
name• of·solar features,·each preceeded by a blank. Place the number.found _on each 
of the arrows in the photograph in the blank ·that preceeds the correct name of the 
feature.* · 
---- sunspot ---- spot umbra 
----- spot group ---- spot penumbra 
____ pore 
---- granulation 
___ limb 
---- faculae 
*Kore than one arrow may be pointing at a feature having the same name. 
In that caae, that blank would contain two· or more numbers. · 
S. Before you 18 a picture of s·lx dif~erent galaxies. Claaaify each of. these by 
plactna the number of each galaxy in the blank which preceeds ita proper Hubble 
.. claaaificatton given below. 
___ Sa 
___ Sb 
____ sc 
----SB• 
___ SBb 
____ SBc 
___ 11 
___ !3 
ES 
----
___ !7 
____ Irr 
Uaing modern theoriea of galactic evolution, ra~k theae aix galaxiea from oldeat to 
younaeat by placing their number in· the proper blank below. 
____ Oldeat 4th 
----
____ 2nd 
___ 5th 
___ 3rd 
----Youngest 
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Figure 4. Photograph used for question #4 on the 
pre-test 
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Figure 5. Photograph used for question #5 on the pre-test 
6. Below are the three atep1 of t_h• Proton-Proton Reaction. · Following uch 8tep, write 
a 1entence in plain language 1tatin1 what the nuclear· equation aaya aymbolieally. 
1. 
2. 
3, He3 2 
+ 
+ 
+ 
Hl~ 1 
i 
+ 
+ gaa1aa ray 
+ 2 H1 l 
7. Starting with the aemi-circle giv~n below,.draw • cro1a-aectional view of the 
Sun' 11 photosphere, chromoaphere, and corona. Cle1rly label each of theae regiona . 
and indicate the temperature of each region in "Kelvin on thia aame diagram. Still 
uaing the aame diagram, indicate by markina and labelina the location of 1unapota, 
prominencee • and flarea. ' 
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8, Below you will find (a) a Hat of name• of typH of variable atara, and (b) ·~•rd 
deacriptiona of a tar• belongina to one of· thea• types. ClaHify each atar. daacribed 
by placing the letter correaponding to it• description in the blank preceediag.the 
deacz-iption. 
A. Cepheid r. R Corona Borealia 
•• RR Lyra• c. P Cygni c. Spectrum. Variablea e. Supernovae 
D. RV Tauri I, Flare Star• 
I, Novae· 
----
An eruptive variable which begin• and end••• a aubdwarf ·itar that reach•• 
an abaolute magnitude of -6 to -9 at maximum which i• reached very rap~dly 
· tollowed by a slow decline· in brightneea lasting aeveral montha. 
----A yellow 1upergiant 1tar which puhatea regularly with a period of from 3 to 
SO daya. Thie 'type of variable 1tar haa a period-lwainodty relationahip. 
Th• rise to maximum ii rather rapid with slower decline in brightneH. 
----Hain sequence atara which 1uddenly become brighter for. a few minutes and 
then return to normal brightneaa. · 
The moat apectacular of the eruptive variablea about which little ti known. 
---- becauae of their rarity. The•e variables reach an abaolute magnitude of . 
-14 to -18 or even -20 and are followed by the preaence of a •hell of 
expanding aa• around them. 
9. The following i• a Hat of five planet• found in 'the 1olar ayatem. Rank theH planets 
in the order that they would be 'found atarting from.the Sun and aoing outward. Place 
a 1 in the blank preceeding the· cloaeat planet, a 2 for the Hcond. cloHit, etc. 
Uranua 
----
Pluto 
----
Earth 
----
Venu• 
----
____ Saturn 
The following :i.1 another lht of Hve planets. Rank th la Hat accordina to their 
diameter• (alze) beginning with 1 for the laraHt, 2 for the Hcond largHt, etc. 
---- Mercury 
____ Hara 
Earth . 
----
Saturn 
----
____ Neptune . 
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10. Below are five dHcr:lptf.on1 df variou1 1t1ge1 of evolut~on of 1~u1. · Rank the1e. 
from the earliest to the 11te1t 1tage1 1:ly placing a 1 in the blank preceeding the 
earlieat, 2· .ae.cond, ate. 
----
Nucl.ear fusion produces heavy elementl. 
----
'lhermal and mechanical-equilibrium i• established, 
---- N~clear reactions begin to take place at the center of the 1tar. 
___ .._Gal and dust contr1cta into a region of greater density, 
----
A large portion of the stars 1 ma11S is violently ejected into 1pace •. 
11. Using the descriptions ·given above, draw a connecting line around all of those stars 
represented on the H-R diagram given below that are in that stage of evolution. 
Identify each group by clearly labeling the 1reas enclosed by your lines with the 
1ame rank number that you gave them above. · 
' 
J. 
-10 . 
s.:i 
·S· 
t;1 
~ 
~ 
Cl) 
IQ 
< 
. 
. . 
I 
5 ' ... . .. . . . 
• ·~. A 
:.'",,, . .. . . . . ... 
0 
. ":I·•. 
. '·""': .. ···• ·. ~ . . ... 
t •• 1' t • I ·• I • •'-' • 
:-_:· ··!· •.• : 
I~.' -:, ;, • ' I I 'I 
. ·' r :. ... : . ~ ·:: . ·: :,· ~:~ .. ~ .~ 
•,. J, • .• : ••I:: -.. , : ... : .. ':.~:··. ~ .: . 
5 
10 
.. 
. · 
15 
0 B 
25,000°K 
-0.6 
Blue Blue 
. "' . / •, , ~ .. 
• ::# ........ ~; ·" ~ .... ,.,: ,. . • • • • 
. . . . 
.. 
I I o 
A 
10,000°K 
o.o 
Blue 
" '. '),1. .. ·,, ... /',,.,• • . 
,.,, ... t ... ~·~.(o~ -~ .• -.:: ... ' • • • . 
, . .• •. ·.: ·~;'; .. ;,:•·1,., ..... . 
I t o I • ' ,• ' , •• f I ; .. J • •"···' f 
.r 
White 
•.. ·• .• ····1·,·· ·~ • '•.' . . . .. . .. 
•• "'· t, . • • ' •. 
. .. . -r •• ·~··:.;,t ;-.~ • 
c· K 
6ooo°K 
-+0.6 
Yellow Orange 
0 , •.• " I 
... ·,t1~·;1 ' 
. .. ,·::•· 
• !·'·::· . 
-: ~- ', 
M 
3000°te 
+1.6 . 
lled 
100,000 . 
10,000 
'i 
.1,000 
100 li en 
.... 
10 ~ 
·1 . e 0.1 >-! . 
.... . 
0,01 < tlS 
0.001 ~ 
0.0001 ~ 
0.00001 
Spectral ·Type. 
Ta:npera t.ure .. 
Color Index 
Color 
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12. Be low are five description• of planets in our •olar •ystem. Write the miH,. of· the . · .. 
. , planet being described in. the blank preceedin& the. description. A given pianet: •7 
be described here more than once. · ' 
'l'h~• planet exhibits distinct aeHonal change•· in~ludi~g po~r, 1,ce. / · 
------- caP• that grow and recede, the temperature reachea about. 85 P on ·. 
the equator. · · · · · 
JhiB planet is mostly hydrogen (maybe uP to 65%). A llff•terious red 
------- a pot can be eeen i.n ~ts atmo•phere. . 
. 0 . . . . . . 
. Thi• planet'• axis of rotation is inclined 82· trom the perpendicular·· 
-------. to the plane of 'its orbit. Thia planet is near the limit of visibility 
to the.unaided eye, 
Thi• planet would float in w1ter, if an ocean large enouah' could be 
-------found, Banda of color. are 1een in the atmosphere of thia planet, 
Thi• planet i1 named for the god of the underworld. Thia planet can . 
------- aometimea be found iliaide the orbit of its nearest plantaTy neighbpr • 
I; • • • o 
13. Below ia a diagra!D showing the, •un, the earth, the moon, and the line of· nodes of the 
moon. H aeen looking down from: the north. On thia aame diagram, aketch in and label 
. the new poaitiona of the earth1 c;he moon, and the line of nod•• of the moon .. they . 
would appear at the time of the next aolar .eclipH. It i• aaailllied that .. this ecliJ)H 
would take place at the optimum time, i.e. in the middle. of the eclipaa aeaaon •. 
Batimate how much time, in months, will 1lap1e before this event take1 pl.Jee. 
; I. 
_____ ·month• •. 
Lina of nodea 
· 14~ Below b • diagr~• of the aun. the: earth. the orbit of the earth. and -the orbit of 
an inferior planet (a planet between the eacth and the aun) •• aeen froa the north 
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looking downward. 
ia at each of the 
the letter it baa 
On thia diagram. mark the position of the inferior planet when it 
points given in the accompanying liat. and label that position with 
in the list. 
A. Superior conjunction 
B. Inferior conjunction 
c. Greatest eastward elongation 
D. Greatest westward elongatio~ 
15. Below ia a diagram of the sun. the earth. the orbit of the earth. and the orbit of 
a superior planet (a planet !>eyond the earth) as seen looking downward from the north, 
o~ thil diagram. mark the position of the su.perior planet when it i• at each of the 
following 'points given in the accompanying list, and label that position with the 
letter it haa in the list. 
A. Opposition 
B. Conjunction 
C, Western quadrature 
D. Eastern quadrature 
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16, Below are t~o liata, one is a list of the.method• of measuring astronomical distances, 
the other ia a l.iat ·of astronomical objects, lndentify all of the suitable methods 
of measuring the distance to these objects by placing thii'Tetters of thoae methods 
in the blank which preceeds each object, 
A. Stellar parallax 
B. Spe.ctroacop.ic parallax 
c •. Dynamical parallax 
D, Interstellar lines 
B. P~lsating Variable Stars 
F. Eruptive Variable Stars 
G. Red Shift 
-----A star that is withift a few light years 
of the sun. 
A star whose spectral class and luminosity 
-----type are known that is within our galaxy. 
_____ A binary star system in our galaxy. 
_____ A &,lobular star cluster. 
_____ A very distant galaxy. 
17. Below 1a a diagram of the Sun, Earth, and the Moon which is shown in four different 
positions as seen from the north looking down, Indicate the phase of the Moon and 
the interval of time that the Moon could be.seen from a given spot on the earth by 
writing the number of that position once in a blank of the phase list and once in 
a blank of the interval list. 
New Moon midnight - noon 
Full Moon 2 a.m. - 2 p.m. 
I 4 •••• - 4 p.m • 
waxing crescent 6 a.m. 
- 6 p.m. I 
waning creacent 8 a.m. 
- 8 p.m. 
waxing gibbQu• 10 a.m. -10 p.m. 
noon - midnight 
waning gibbou1 2 p.m. 
-· 2 a.m. 
lat quarter 4 p.m. - 4 a.m. 
3rd quarter 6 p.m. - 6 a.m. 
8 p.m. - 8 a,111. 
10.p.m, -10 a .111. 
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Find Teat 
P.rt A 
1. Before you are the photograph• of aix aatronomica.1 objects, each being 
identified with a number. Each of these objects has a different mass. 
Rank these objects according to their mass by placing the number on the 
photograph of the object in the proper blank below. 
Greatest mass 
----
____ 2nd 
3rd 
----
____ 4th 
5th 
----
---- Least maas 
Each of these same six objects ill located a different dista.nce from the 
aun. Rank these object• according to their distance from the aun by 
placing the number on the photograph of the object in the proper blank 
below. 
----
----
----
Farthest from the aun 
2nd 
3rd 
___ 4th 
___ Sth 
---- Closest to the aun 
2. Before you is a photo~raph of the surface of the moon; Certain featurea 
are pointed out by numbered arrows. A single arrow with a given number ill 
used to point to a small distinct feature, while two arrows bearing the 
aame numb1tr are used to point out a feature that ia found immediately· 
between them. Place• the number found on each. of the arrowa in the photo. 
graph in a blank given below that precedes the name of that feature.* 
----- crater 
walled plain 
----- i 
_____ 11o1r~ (!!ea) 
_____ rill 
-----highland• 
____ limb 
____ ,_ray 
----- dome 
-----terminator \ mountain• 
*Hore than one arrow ma~ be pointing at a feature having the same name. 
In that case, that blank would contain two or aore numbera. 
~ 
I 
3. Before you are the 1pectrograms of four different stars. Rank theae 
spectra from the coolest to the hottest by placing the number of each 
in the appropriate blank given below. 
___ coolest 2nd 3rd Hot tut 
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Figure 6. Photograph used for question #1 on the post-test 
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Figure 7. Photograph used for question #2 on the 
post-test 
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4. Before you ia a white light photograph of the aun. Certain aolar feature• 
are pointed out by numbered arrowa. A aingle arrow i• uaed to point out 
a ... 11 ·distinct feature and pair• of arrow• bearing the aa-. number are 
uaed to point out larger feature• that are found·between the arrowa. Place 
the number found on each arrow. in the blank that precede• the correct name 
of that feature.* 
---- aunapot 
---- apot Ullbra 
---- apot group 
---- apot penumbra 
____ apot pore 
----granulation 
___ limb 
---- faculae 
*More than one arrow 1111y be pointing at a feature having the aame name. 
In that caae, that ·blank would contain more than one number·. 
S. Before.you are the photographs of aix galaxies. Claasify each of theae 
galaxies according to their Hubble cla111ification· by placing the .number 
on the pho.tograph of each galaxy in the blank that precedei ita proper 
Hubble cla11ification given below. 
____ Sa 
---- SBe· 
____ Sb Sib 
Sc SBc 
___ so 
____ El 
___ ES· 
____ E9 
____ Irr 
·Uaing the preaent theory of galactic evolution, rank theae aix galal!'iea 
·from youngest to oldest by placing their number in the proper blank below. 
---- Younseat 
____ 2nd 
----3rd 
___ 4th 
___ Sth 
____ Oldest 
6. Below are the nuclear equations for the three atepa of the Proton-Proton 
Reaction. In the blank apacea provided following each equa·tion, write 
a aente:nce that atatea in plain language what the equation atatea 
aymbolica lly. 
HI 
1 
82 
1 
+ 
+ 
+ 
HI 
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al 
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Figure 9. Photograph used for question #4 on the 
post-test 
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Figure 10. Photograph used for question #5 on the post-test 
7. Using the aemi-circh given below to represent the photoshpere, draw a 
croaa-aectional view of the sun's chromosphere, and corona, Clearly label 
. 0 
each region and indicate the approximate temperature in Kelvin of each 
of these regions, ·. 
8, Place the letter preceding the name of the cla11 of variable star in the 
blank which precedes 'the description of that cla11. 
' . 
A. fype I C•pheid 11. RR Lyrae 
B. fype II Cepheid G. P Cygni 
c. RY Tauri H, Irregular Variables 
D. Novae I. Flare Stars 
'. I. ·Supernovae J, R Corona Borealis 
A Y•llow aupergiant star which pulsates regular;ly with a period 
---- of from 3 to jso days. Thie type of variable star obeys the 
period.luminosity relationship. 
An eruptive variable which begins and 
...---- that reache1 an absolute magnitude of 
is reached very rapidly followed by a 
lasting several months. 
ends as a subdwarf star 
-6 to -9 at maximum which 
slow decline in brightness 
----
A red giant star of spectral class Ml having an absolute magnitude 
. of -1 or gtea,ter. Mira (Omicron Ce ti) ii the best known of this 
cla11, I 
This class ot variable belongs to spectral class A or F. With 
---- periods of 1 day or leH~ this cla11 does not obey the period 
luminosity law, 
---- Main sequence stars which suddenly become brighter for a few 
minutes and then return to normal brightness. 
9. Rank the following list of five planets according to their sidereal periods 
of revolution about the sun.· Place a 1 in the blank preceding the planet 
having the greatest sidereal period, a 2 for .the second longe,t, etc, 
Uranus Pluto 
---- ----Venus Earth 
---- ----
----Saturn 
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Rank the follow:Lng l:lst of f:lve planets accord:lng to the:Lr mass. Place a 1 
in the blank preced:lng the planet hav:Lng the least mass, a 2 for the second 
smallest 11111s11, etc. 
- ...... --Mercury 
____ Earth 
---- ~eptune. 
____ ·Mars 
----Saturn 
10. Below are f:lve c;lcscriptions of various stages of stellar evolut:lon. 
Rank these 11tagcs from earliest to latest by placing a 1 in the blank 
preceding the ear lie st,. 2 second earli.est, etc. 
----
Nuclear fusion produces heayY elements. 
---- Nuclear reactions have ceased, star cooling. 
---- Nuclear reactions begin at the center of. the star. 
Thermal and mechanical equilibrium is established, 
Star is producing energy by gravitational contract:lon. 
11. Using the descriptions given above, draw a l:lne around a11 of the points 
on the H.,.R diagram which represent stai:-s in that particular stage of 
evolution. Identify each group by clearly labeling the areas enclosed 
by your lines with the same rank number that you gave them above. 
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12. Below are five deacriptiona of planets in our aolar ayatem. Write the 
name of the planet being described in the blank preceding the description. 
A given planet may be described more than once. 
Irregularities in the motion of this plllnet lead to the 
....,......,......,......,.. ..... \"""" ...... _ discovery of Pluto. Surface temperatures on this planet 
are far below zero on the fahrenheit scale. 
The planet ~ith extensive polar capi and which appears 
~--...... ---------blue-white in color photographs. · 
The planet with four "Galilean" satellites. Thia planet 
---------------has an atmosphere that exibita multi-colored.bands 
parallel to its equator. 
The planet having the lowest density of all the planets, 
~------------- the 10th natural satellite belonging to this planet was 
recently discovered. 
~------------- Thia planet haa the shortest period of rotation. Its 
atmosphere contains anunonia and methane, 
13. Below ia a diagram of the sun, earth~ moon, and the line of nodes of the 
moon as aeen looking down from the north. On this diagram, sketch and 
la·bel the positions of the earth, moon, and the line of nodes of the moon 
aa they.would appear at the time of the next lunar eclipae aaauming that 
• thia eclipse will take place at the optimum time, i.e., at the middle of 
the ec\ipse. 
Estimate the time, in mont~s. that will elapse before this event occura. 
------ months. 
Line of Nodes 
14. Below ia a diagram of the sun, the earth, the orbit of the earth, and the 
orbit of an inferior planet ·Al seen looking d.ownward from the north. On 
thia diaaram, .aiark the position of the inferior p1anet when it is at each 
of the pointa in the accompanying list relative to the sun and the earth. 
Label each position with the letter given. it in the list. 
A. Greateat Eastward Elongation 
B. Greateat Westward Elongation 
C. Inferior Conjunction 
D. Superior Conjunction 
lS~ Below ia a· diagram of the aun, the earth, the orbit of the earth, and the 
orbit of a superior planet as seen looking downward from the north. On 
this diagram, mark the position of the superior planet when it is at each 
of the points in the•accompanying list relative to the earth and the sun. 
Label each poaition'wtth the letter give~ it in the liat. 
I 
A. Conjunction 
B. Opposition : 
C. Eaatern Quadrature l 
D. Western Quadrature 
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16. Below •re two li1t1. one i1 • li•t of method• for measuring ••tronomical 
dllt•ncea. the other ia • list of astronomical objects. Identify the 
110st suit•ble method of measuring the distance to e•ch of theae objects 
by placing the letter corresponding to th•t meth04 in th& blank which 
precedes the description of the object. 
A. Stellar parallax 
B. Dyn8mic•l parallax 
c. Spectro1copic parallax 
D. Interstellar lines 
E. Cepheid variables 
····: 
____ Globular clu1tera. 
---- Very diat•nt· galaxies. 
---- Bi~ary a.tar a. 
---- Stars within a few light years 
of the aun. 
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P. 
G. 
Novae 
Red Shift 
---- Single 1tara at a great diat•nce 
from the sun •. 
----Near-by galaxies. 
17. Below i• • diagram of the 1un. earth and mobn aa 1een looking downward . 
from the north. nie moon is.1hown in four different positions relativ~ 
to the sun •nd earth. Indicate the phase of the moon and the local time 
interval th•t the moon would be above an observers visible horizon for. 
each of the four position• shown by writing the number of th•t position 
once in the appropriate blank of the phase li1t. •nd once in the correct 
bl•nk of the time-interval list. 
! 
! 8 
---- New Moon 
----midnight - noon 
---- Full Moon ---- 2 a.m •• 2 p.m. 
_____ waxing crescent ---- 4 a .m. - 4 p.m. 
__ 6 a .m. - 6 p,m. 
---- waning crescent 
---- 8 a.m.· - 8 p.m. 
---- waxing gibbous ____ 10 a.m. -10 p.m. 
---- waning gibbous 
noon - midnight 
2 p.m. 
- 2 a .11. 
bt quai·ter 4 p.m. 
- 4 a.m .. 
---- 3rd quarter 6 p.m. - 6 a.m. 
8 p.m. 
-
8 a.m. · 
10 p.m. 
-10 a.m. 
· APPENDIX E 
GEN:ERAL .INFORMATION SHEETS 
111 
COURSE: 
INSTRUCTOR: 
OFFICE: 
OFFICE HOURS: 
TEXT: 
ASTRONOMY ll04 
SPRING 1971 
Elementary Astronomy--MW'lllF - 1:30 - Physical 
Sciences 141 
Leon W. Schroeder 
P.S. 218 
"Pot Luck" and by appointment - telephone 
extension 7525. ~calls at home, please. 
An Introduction to Astronomy - Huffer, et. al. 
Hour examinations will be given as scheduled in the attached calendar. 
In addition to the four one-hour examinations, pop quizzes and take-
home problem• will be given during the semester. 'llley will count the 
equivalent of one (1) hour-examination. Your grade will in part be 
determined on the basis of four hour examinations. This means that the 
lowest exam grade (or equivalent) will be dropped. NO makeup exams will 
be given. If you miss an examination, for !EX. reasoii;"your grade will 
be zero for that test and that score will then be the one dropped for 
the purpose of determining grades. The final examination will be over 
the entire semester's work and will count 20% of the semester grade, 
Exam papers will be returned as soon as possible. If you find an error 
in the grading and wish your exam to be reconsidered, it must be returned 
at the next class period with a written statement describing the error, 
This deadline ~ be met. 
The following scale is tentatively adopted for letter grades corresponding 
to numerical grades. It is subject to revision at the end of the semester 
although this is unlikely since one examination is not counted. 
A 90-100 
B 80-89 
c 70-79 
D 50-69 
F Below 50 
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Astronomy 1104 
Section #2 
Self-Paced--Individually Prescribed Instruction 
In Elementary Astronomy 
Self-paced--individually prescribed instruction? What does that mean? 
Self-paced means that you can work at your own pace in this course. 
You can go right ahead just as fast as you want to go, the only limitation 
being that the course will terminate at the end of the semester. 
Individually prescribed instruction means that you learn in a manner 
that suits you best. If you like to read a 11 night and sleep all day• fine! 
All that will be required of you is that you get up long enough to come in 
and demonstrate that you have been learning. If, on the other hand, you can 
best learn by viewing films, or by working on projects in the laboratory, or 
by discussing the subject matter with your friends and/or the instructors, 
then that is the way you can proceed through this course. 
All of this may be very new to you, but we feel that by working together 
that we can all enjoy learning. There will be a system, and here is how it 
will work: 
(a) Your textbook will continue to be the basis for this course and 
should be consulted by you .regularly. Basically, each chapter in 
your text will consti~ute a learning ~· There will be twenty 
such learning ~ in this course, and when you have finished all 
twenty, the course is just about finished for you. In addition to 
the twenty units, you will take a final exam on the day scheduled 
for a final exam in this course. There will also be another exam 
which will be given near the end of the semester. That exam will 
be announced well i~ advance so that you will not miss it. 
(b) When you begin to work on a learning ~. you will be given a 
learning activities package which will include the following: 
(1) 
(2) 
(3) 
A list of the learning objectives for that unit. These ob-
jectives will be stated in such a way that they will_ tell you 
what you will be expected to be able to do when you have ~om­
pleted that learning ~· 
A series of suggested learning activities. These activities 
will be so designed that they will help most of you to quickly 
and efficiently achieve the learning objectives. 
A series of self-assessment items. These will be several 
things that ycru-can do to help you decide if you have achieved 
the learning objectives, 
(c) When you feel that you are ready, you can ask your instructor to 
113 
let you take the unit assessment. The unit assessment will consist 
of a series of actT;lties for you to perfOrm in order to demonstrate 
to the instructor that you have reached the objectives of that unit. 
If you score 907. or better on the unit assessment~ you are then 
given the learning activities package for the next unit. 
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(d) If you do not score 90% or better on your unit assessment, then 
your instructor wiil suggest additional actrV'Ities for you to per-
form to help you prepare for the next attempt. In other words, 
you keep on working on the same unit until you can score 90% or 
better on the unit assessment, Should you take the unit assess-
ment more than""One time, you will be penalized 10% f'O'r"';ach try, 
iii"Other words the second time the maximum possible score will be 
907., the third time 80%, etc. You must still score 90% of the 
total to move on to the next unit. 
(e) Your final grade in this course wi 11 be based on the following: 
(1) The number of units that you have completed by the end of 
the semester. 
(2) The number of times that you repeated~ assessments. 
(3) The score you make on the two final tests. (20%) 
One point should be emphasized here, and that is there is no 
reason why everyone in this section cannot receive an A for-"this 
course. There will be no learning objectives that are so dif-
ficult that everyone cannot reach these objectives. The im-
portant thing is to get started early and work to stay on a sched-
ule. 
(f) The final point is that as a part of the system we want to see 
you at least once a week. Check in at the Astronomy Learuing Lab-
oratory to sign-in, say hi, and let us know how you are doing, 
It will become clear to you how this course operates after a very short 
time, but in the meantime you may find it helpful to read the list of ques-
tions and answers on the following pages. Keep one thing in mind, all of 
this is being done in an effort to help you learn more astronomy faster and 
more efficiently than you otherwise might. With your cooperation, it is 
hoped that you, will learn more astronomy, and enjoy doing it. 
No lectures in Astronomy? 
For Your Information 
Astronomy ll04 
Section #2 
That may not be exactly true. If an instructor has something so im-
portant to say that he feels a lecture is necessary for him to say it, a 
lecture will be scheduled and announced well in advance on a bulletin board 
1,n the Astronomy Learning Laboratory. But here is the nice part, you can 
come if you want to, but if you are busy with something else, or if the 
topic sounds boring to you, then do not come. Your attendance will not af-
fect your grade, one way or the other. 
When and where will you come to class? 
There will be no more classes as such, from now on you will come to 
the Astronomy Learning Laboratory located in Physical Science.a 107. When 
you come to the Learning Laboratory, you are asked to sign-in, and when you 
leave, sign-out. While you ~re there you can take a unit assessment, if you 
are ready, or you may work on the suggested activities for the unit you are 
currently worki.ng on by using the equipment and other learning aids that 
I 
have been set up for you. Yop may just come in to check on the latest in-
formation in Sky !.!!!!, Telescop'e, or to tell the instructor that you are bored. 
In any case, the center for .this course for you from now on will be the As-
tronomy Learning Laboratory. 
1 
In the beginning, the Learning Laboratory will 
be open 2:30-5:00 p.m. daily. This schedule is flexible and can be changed 
on demand. (Usage) 
Must you work alone? 
No! As a matter of fact, you are encouraged to work with two or three 
other students who are taking this same course in this same section. The 
only time that you will really need to work a lone is when you are taking the 
.!!2.!!. assessments, and during the final tests. 
Should you try to attain more than the minimal standards? 
Positively::: We hope that you will want to do more than just "get by". 
The more effort that you make above this minimum, the more you will learn. 
How much do you really want to learn, the minimum or more? It's your educa-
tion for your future, and you are paying for it. You be the judge, but if 
you decide that you want to do more, the facilities of the Astronomy Learn-
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ing Laborato.ey, and more, are y01,1rs. Try it sometime. 
Must you do the learn:lng activities? 
Our recommendation is a strong Yes! Why? Fint, we think that you 
will enjoy raaoy of the activities. And second, we have observed that !Mny . 
students like to kid themselves into thinking that they can do certain 
thing11 when they really can 1t. I!Mgining what you can do and being able to 
do it are quite different. It's a human trait, and we all do it. In any 
case, ahould you fail to score 90% or better on your first try on a given 
.!!!!.!!, asseument, you will be asked ta do the learning activitieit before you 
are given a second chance. 
Experience has taught us that 9 out of 10 times a. 11tudent will be sue .. 
cessful the fiut time if he baa perfo.rmed the learning activitiee canfully 
and thoughtfully. 
Must you attend the film showings? 
Again, our recommendation is - yes. The list of films that you have 
been given has been set up to coincide with the te~tboak discussions of 
various topicll in :utranomy at about th.e time you would be working on these 
topics if you were proceeding through the course at a "norl\181 11 rate. lf you 
have already completed the unit w~ich includes the topic!! of the acbeduled 
films 1 then all .the better, the film will now provide you with the oppar .. 
tunity to learn more about the11e topics, If you have not yet reach~ the 
unit involved, then the films could be helpful to you in the sense that 
they may giVe you a bf,!ad start on that unit. In any case, it ia recom111end. 
ed that you attend, but as in the case of the lecturu (if any)• you:i: at• 
tendance or non-attendance will have no effect an your final grade in thia 
course one way or the other. 
How fast should you progress? 
As stated previously, there are 20 units in Elementa:ry ~atronomy, 
There are about 16 weeks in the semester. That mean1:1 that you abould com-
plete about 1.25 units/week. Do not, however, count on the fact that the 
last unit is as easy as the first, On the average you should try to com .. 
plete at least two units a week, in that way by the time those units that 
require a little mare time come around, you will have the e~tra time to de .. 
vote to them. None of you should have any difficulty in completing all of 
the units before the end of the semester, if yo~ do ~ procrastinate, 
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Can you. finish the course before the end of the semester? 
Sure, why not? With the exception of the two final tests, the sooner 
you finish the better. You will then have all kinds of extra time to devote 
to your other studies, 
What about the ob11erving sessions? 
An integral part of any introductorr astronomy course is the observing 
sessions. At these sessions you will each be given the opportunity to view 
with your own eyes the sights the heavens hold in store for you. Like the 
lectures (if any) and the film viewing sessions, the observing sessions are 
optional at your own discretion, however, it is strongly recommended that 
you give it a try, at least once. 
At the beginning of the semester, the observing sessions will be sched-
uled for every Tuesday night (weather permitting) at 8 p.m. Later on, ob-
serving sessions will be conducted whenever four or more of you request them 
at least 24 hours in advance~ In addition, observing 'sessions will be held_ 
(weather permitting) whenever there is an event of special astronomical in-
terest such as an eclipse, a comet, etc. Whenever possible, these sessions 
will be announced well in advance on the Astronomy Learning Laboratory bul-
letin board. 
Any more questions? 
If you have further questions, please ask your instructors. As you get 
started in Astronomy, S1:::li-1P.t.:::ed, Ind~vidually Prescribed Instruction, the 
strange game you are playing ~ill become clearer. We are here to help you, 
Good Luck and Happy Learning~ 
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FILMS FOR ASTRONOMY 1104 
Section :/12 
Showings: 2:30 p.m., Physical Sciences 103 
DATE 
Jan 18 
Jan 28 
Feb 1 
Feb 4 
Feb 10 
Feb 17 
Feb 25 
Mar 3 
Mar 4 
Mar 8 
Mar 11 
Mar 18 
Mar 29 
Apr 9 
Apr 15 
Apr 29 
May 6 
TITLE 
UNIVERSE 
LIGHT WAVES AND THEIR USES 
MEASUREMENTS OF THE SPEED OF LIGHT 
THE ASTRONOMER 
CHARTING THE UNIVERSE WITH OPTICAL AND RADIO TELESCOPES 
THE STORY OF PALOMAR 
THE WANDERERS 
INTRODUCTION AND LOCATION OF CELESTIAL POINTS 
CELESTIAL NAVIGATION - NAUTICAL ASTRONOMY 
THE VAN ALLEN RADIATION BELTS 
EARTH IN MOTION 
CELESTIAL MECHANICS AND THE LUNAR PROBE 
APOLLO FLIGHTS 
THE NEAREST STAR 
SUN IN ACTION 
SOLAR PROMINENCES 
ECLIPSES OF THE. SUN AND MOON 
THE SOLAR FAMILY 
JUPITER, SATURN, AND MARS IN MOTION 
EXPLORING THE UNIVERSE 
THE PLANETS 
HOW MANY STARS? 
THE REALM OF THE GALAXIES 
118 
APPENDIX F 
OBSERVING MANUAL 
U9 
Astronoll!Y 1104 
Qbserving .Manual 
One of the most rewarding experiences known to man is to view 
with his own eyes the wonderous sights the heavens hold in store f9r 
him. At first glance through a telescope one tends to be somewhat 
disappointed by the fact that it is not possible to see the detail 
and brillance found in the modern astronomical photographs. However, 
even a modest telescope reveals many splendid sights not visible to 
the unaided eye. The time you spend observing will be most enjoyable 
and rewarding. 
The Purposes of the Weekly 
Observing Sessions 
The three main purposes of the weekly observing sessions are: 
1. To help you to become familiar with the night sky and the 
objects found in it. 
2. To help you to learn the use of the astronomical telescope. 
I 
3. To help you to learn how to locate objects on the celestial 
sphere .• 
At the end of this .semester you should be able to: 
1. Properly set up· and align an astronomica 1 telescope equipped 
with an equatorial mount. 
2. Properly adjust the setting circles on an astronomical tele-
scope. 
3. Be able to use the setting circles on an astronomical tele-
scope to either (a) locate an object having a known position 
on the celestial sphere, or (b) to describe the location on 
an object on the celestial sphere. 
4. Be able ;o locate any three of the major visible constella-
tions by P"intiny, them c:.it with a flashlight beam to the in-
structor. ' 
Preparation for Observing Sessions 
In the beginning you will find yourself feeling frustrated and 
confused by the apparent complexity of astronoll\Y •. No one can learn 
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··everything .they need to know in a abort time, ao first of all be 
patient with yourself an4 you wUl be amazed at just boil rapidly you 
do learn. 
Your work in the claaaroom will provide you with a great deal of 
helpful information but there are other good sources of information 
with which you should become familiar. In addition to 1111uiy good ref-
erence booka in the U.brary, you should consult. the monthly magazine 
entitled, ~and Teleac22e •. 
Thia excellent magazine is found on the periodical shelves on 
the main floor of. the library. Two aectioru1 ·of. this magadne are. of 
particular interest and should be consulted before each observing 
aeaaion which you attend •. They are, the Observe.rs Page and Wonder-
ing Thro~gh (Name 2£. Month) . Skies. Ae you read the.se sections, make . 
some notl;!s about what. yo~ would like to observe and bring those notes 
afong with you to the observing aeuion. j 
ii 
1:: The'. Telescope 
. I. 
\ .:·1 . 
The following aiecti~~ on the telescope will help you to become 
familiar with t}\e .. iqatrWJnt and i~s operation. You should read this 
. . .. I . . . 
section carefuHy, but. ·~p,•1not worry if you do not under11tand all of 
it at first. It will b~9cime clear to you las you use the telescope. 
A WOl'd of cautio~! j lfuile the telescope. ill not a delicate instr~­
ment, it can be damaged 1th.rough misuse and abuse, so the beat rule of 
thumb is. USE COOl>N s~s~. ' . . . 
In addition, do not make adjustments that you are not familar 
. I 
with, and do not force anything. If it will not move, ask the in-
.........- l '! 
structor to help you. 
Some More H'tnts 
' ' 
1. Bring you:i:- Star and Sat.ellite Path Ji'inder to .the observing 
sessions. 
2. A small pocket-she flashlight is useful, if you have one. 
3. Any pdr of binoculars are very useful when observing the 
· heavens. If you have accees to a pair, bring them a long. 
4. Be prepared to face the elements, i.e. dress warmly enough 
if the weather is cool, bring mosquito repellent if you 
think it might be .needed, etc. 
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IN~TRUCTIONS FOR MODEL ~V-6, SIX INCH DYNASCOPE 
(1) Three outriggers are assembled to 
the pier by means of wing nut at 
this point. 
(2) Pier. When outriggers are secured 
pier should be solid. Adjust rig-
gers till most stability is reached. 
(3) Equatorial Head complete. This head 
is packed in some instances, separate-
ly and should be fastened to base at 
top of pier. The entire head should 
be adjusted at (10), to correspond 
with the latitude at your observing 
station. With Electric Drive Housing 
falling South, the Equatorial Head 
and the telescope should point North 
and lie in a north to south line as 
in photo. When lined up on the North 
Star, the Hesd iB locked in position 
and ready for celestial operation. 
If mount is moved to another location, 
readjustment may be needed. 
(4) Saddle and locks. The telescope is 
fastened to the Saddle at this point 
and can be removed whenever desired. 
(5) Adjustable circular cradle. Permits moving the telescope into the best position 
for balance and eye level. As accessories or various eyepil'!ces are added, which 
cause an unbalanced ,.condition, you need only to loosen the adjusting nuts and re-
position the telescope tube so it is at proper balance. It is a. good idea to mark 
the positions of .best bafance if rings are removed from the telescope. 
(6) Counterweight. Ba lances entire weight of telescope. Should never be removed while 
telescope is mounted as the telescope would fall. A number of weights are provided 
and although they have been adjusted to the shaft, should be checked and readjusted 
to the shaft, should be checked and readjusted for telescope weight. 
(7) 6 X 30 Finderscope and adjusting bracket. The adjustments on bracket will enable 
you to align the finder so it points at exactly the same point as the telescope 
proper. When object seen in center of eyepiece of telescope is also in center of 
cross hairs in finder, alignment is OK. 
(8) Double draw eyepiece holder. Has inner section which should be withdrawn part way 
to hold H;" eyepiece. Focus then by rack and pinion. Long focal length eyepieces 
as well as negative ones can thus be used. Three eyepieces are furnisned. 
(9) Setting Circles are fully adjustable. Knurled lock screws. (10) Polar axis should 
be adjusted to your latitude •. This can be done by adjusting the head angle to point 
at North Star. Easy way is .to sight on the North Star thru the telescope and lock 
into position. When scope is rotated about the polar axis, it will be following 
objects in their res.pe.ctive paths. Declinat :i.on axis, locked by adjustment (12) is 
for altitude and is locked when scope is used about the polar axis. 
(11) Electric Drive motor. 
BOW TO USE THE SETTING CIRCLES 
Attached to the Polar Axis is a graduated circle marked off in.hours 
and minutes. Thia is an Hour Circle (sometime111 referred to as "RA 
CIRCLE"), and iU figures. correspond to the co-ordinates of right 
ascension of celestial objects. 
Attached to the Declination Axis ia a· graduated circle marked off in 
· degrees, minutes, . and . seconds. These figures correspond to the co-
ordinates of declinatiQn of celestial objects. 
Note: Before the s~tting circles can be used cofrectly, the equatorial 
head of the.telescope must· be properly· set to the latitude of the ob-
. serving dte. With the polar axis pointing at the true pole and fixed 
in that position (pointing the main telescope at Polaris iS sufficient 
for moat purposes) the declination circles should be set and fastened 
at .90 degrees. 
The hour circle is "slip ring" type. To use the slip ring circle to 
locate stars you must first have a.star chart or ephemeris giving the 
RA (right ascension) and declination co-ordinates of cdeatial objects. 
Locate a bright knQWn star, such as Vega, and note its right ascension 
at any given time. Train the main telescope so that this star :l.s in 
the center of the field. Set the hour circle reading• to correspond to 
th.e right ascension time of the known star. The hour circle is now in 
proper position for observing and need not be tc:>uchedagsin for. the 
rest of the night, The declination can also be used for other settings. 
From these, the position of other star,s can be determined and brought 
into view by setting the instrument to the proper right ascension time 
on the slip circle and proper .declination reading on the declination 
circle. · 
In order to pick up the second star, first look up and note its RA and 
Dec. Now, from this RA time, subtract the total amount of elapsed time 
since the first setting of circle on the known star to the moment. The 
result will be the correct new RA time of the second star. Now move 
the telescope so that the slip, ring circle indicates this new RA time, 
and also adjust the declination to properly indicate the correct decli.:. 
nation setting for the star. The second star should now be in the field 
of VieW. 
You must keep track of the total elapsed time between the first set-
ting of the night to the moment of change and subtract this total from 
the known RA time of each new star you are seeking. For example: . let 
us say you have been observing the first star for 1/2 hour since the 
fir13t iJetting, and you now whh to locate the 13ecc;md star which ha13 an 
RA of 6h. Subtract the 1/2 hr from 6h and the new 13etting would be 
S.5h. The Declination il3 always clamped firmly in itiJ declination 
reading whereas the polar axis alone must move freely during observa-
tion. 
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THE 'l'WENTY BRIGHTEST STARS 
AND POLARIS 
Star Na.me Constellation Vis. R. A. Deel. On MeriCrian 
. Mag. at 8:00 p.m, 
Sirius Canis Major -l.6' 6h 431!16 -16° 39!9 Har. 1 
CEi.nopus ·carina -0.9 6 23.2 -52 40.5 Feb.24 
cJ.. Centauri . Centaurus 0.1 14 37.1 -60 41.3 Jun.29 
Vega L:rra 0.1 18 35.7 +38 45.0 Aug.30 
Capella Auriga I 0.2 5 14~0 +45 56.1 Feb. 5 
! 
Arcturus Boote a 0.2 l.4 .14i00 +19 22.1 Jun.24 
Rigel Orion I ) 0.3 .5 12.8 
- 8 ·14.5 Feb. .5 
Procyon Canis ~inor 0 • .5 7 37.4 + 5 19.l Mar.14 
I 
o.6 Acherner Erid.anus I l }6.4 -5? 25.2 Dec.16 
(3 Centauri I ., Centaurus I 0.9 14" 01.3 -60 12.0 Jun.21 
' 
! 
Betelgeuse Orion .0-lv 5 53.2 + ? 24a Feb.15 
Altair Aquila I 0.9 19 49.0 + 8 46o3 Sep.21 
d..crueis Crux I 1.0 12 24.6 -62 54.o May 29 
Aldebaran Taurus 1.1 4 33,9 +16 26.3 Jan.26 
Pollux Gemini I I 1.2 7 43.1. +28 06.9 Mar.15 
! ! 
Spica Virgo 1~2 u 23.3 -10 58.4 Jun.12 
Antares Scorpius l.2. 16 27.2 ~26 21.2 Jul.27 
I 
Fomalhaut Piscis Austrinui i., 22 55.7 ~29 48.8 Nov, 8 
. Deneb Cygnus l.} 20 40.2 +45 09.0 Oct, 8 . 
Regulus Leo 
I 
1.3 10 06.5 +12 08.6 Apr.23 
. 
Polaris Ursa Minor ! 2.1 1 59 +89 06 
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Unit I 
Unit II 
\ Unit III 
Unit IV 
Unit v 
Unit VI 
Unit VII 
Unit VIII 
Unit IX 
Unit x 
Unit XI 
Unit XII 
Unit XIII 
Unit XIV 
Unit xv 
Unit XVI 
Unit XVII 
Unit XVIII 
Unit XIX 
Unit xx 
INTRODUCTORY ASTRONOMY 
OKLAHOMA STATE ·UNIVEaSI'lY 
Introduction 
The Nature of Light and Spectra 
The Optic• of a Teleecope 
Kepler's X..w1 of Planetary Motion 
The Coordi~te Systems 
The Celet!tial Sphere 
The Planet Earth 
The Earth ae a Timekeeper 
The Moon 
The Sun 
Eclipeea 
The Solar Sy1tem 
Comets and Meteor• 
Stellar Spectra 
Variable Stars 
Binary and Multiple Star Systems 
The Galaxy 
The Universe 
Astronomical Numbers 
Stellar and Galactic Evolution 
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4-tronoiqy 1104 · 
Section 2. 
Unit 12 
Bveeything that we know about the univerH (v.ith the exception of 
. the earth and the moon) we have learned by studying the radiation• (mostly 
light) that ..re aent to the earth by the 1tar1 and cloud• of gH. To · · 
interpret the information that ii being sent, we need to knoW aomething· 
-about the nature of t~e radiations that are bringing ua this inforlll8tion. 
Tbil knowledge !lllOWs US to infer the nature Of the b~y that f.I sending 
the information (radiation). 
Study chapter 3 in ·your textbook. Keep in mind that you should be 
learning the meaning of those words th~t·are new to·you. 
Aa you are studying, s•e if yciu can find the answers to the ·follow-
ing queiitiona: 
1. Under what three conditions does light ~ travel in a straight line? 
----------------------- ' 
. ••••••••••••••••-•••••• I 
-----------------.,.--~--r !' 
2. Why is it neceaaaey to ~ow the ,speed of light in a vacuum? 
-------~--.------- .. ----- 1, 
3. Does light always. tra,t~1, at the Hme speed? 
----------------------~ 
4. What are the three aouTces ~f continuous spectra? 
------~--------------~-
S. What is the source of bright U.ne spectra? 
---------------------~-
6. Absorption spectra can be recogniud when ------------ appear in a 
continuous spectrum. 
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7. What color of light has the longest wavelenath? -------shortest? -----·· 
8. What color of light has the highest frequency? ------- lowest? -------· 
9. When a star is moving toward you. is the color of its light shifted 
to the blue or to the red end of the spectrum? ------- why? -------------
Learning Objective• (Unit #2) 
1. ·At the end of th'll unit you will be able to match the correct defi-
nition of any of the word• found in the given vocabulary li1t to 
that word by placing the letter preceedina the word .in a blank pre-~ 
ceeding the definition. · 
2. At the end of this unit you will be.able to look through a 1pectro-
acope at three different source& of light and be able to 1elect the. 
aource of the continuou1 apectrum, the source of the bright line 
apectrum and the source of the absorption spectrum. · 
3. Given the distances two observers are from the same object, you will . 
be able to select the correct relative apparent brightness of that 
object aa measured by the observers from four given values. 
4. Given the apparent brightnesses of two objects having the same in-
trinsic brightness, you will be able to select the value of their 
relative distance from the observer from four given values. 
Learning Activities (Unit #2) 
As1uming that you have 1tudied chapter 3, go to the A1tronomy LearninE 
Laboratory and do the following: 
1. Locate the hand-held spectroscopes.and light sources. If you can not 
discover how to use 'thi1 equipment, ask the instructcr, he is there 
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to help you. Plea1e observe all written instruction•. lliey are there 
for your convenience and 1afety. 
2. First look at the. incandescent light (ordinary light bulb). Next look 
at the flourescent lights in the ceiling. Do you see any. difference? 
3. Now use your spectro1cope to view the helium source. CAUTION: THESE 
SOURCES· ARE . POWERED BY A HIGH VOLTAGE. DO NOT TOUCH THEM WHEN THE 
SWITCH IS TURNED ON!!!! (Ask your instructor for help and dire~tions 
here if you need them.) Write a description of what you see. 
. . . . 
4. Now look at the Argon and Nitrogen sources, ·Describe what you see. 
Look at the period table of the elements in chapter 2 of your book 
and note toe atomic number of each of these elements and compare 
them to your observations. Can you see why what you have observed 
is sometimes compared to fingerprinting? If you are interested in 
further explainations, consult other astronomy and physics book•. 
5. Now return to the incandescent light source and alternately place the 
three small vilea of colored liquid, ·that are located near that source. 
in front ·Of the aiit in your spectroscope while you are viewing the 
continuous spectrum of the source. Describe what you observe. · 
6. Go to the film loop projector and view the fil.m Absorption Spectra. 
You should now be capable of determining whether you are looking at an 
absorption spectrum, a continuous spectrum, or a bright line spectrum. 
If you hav.e any doubts, go back and check yourself. 
'l'be following acti viti•• -~ be done eitber a.t b'oll4t o~ in the Learning 
Laboratory. · · 
7.. .Write tb~ inVei'H •qU.re law. 
8. Two obaervera, one at a· distance of 1 mile, the other 3 mile• trom a 
·single 100 watt bulb burnina in an open field clearly visible to both, 
Masure thebriglitneH of the bulb as they aee it. (Apparentbright-
neH) Which obae~er meHurea the greatest brightness? -----~---•--­
How auch brighter does his mea•urement aay the bulb i• than the other 
observers mea·aurement say it is? ---••--------- Answer given .below.· 
. . . . 
9. the brightne11 of 1000. watt buib at a distance of 10 feet from an 
ob•erver would have the sa~e brightness aa·a ----·-•watt bulb at a 
distance of 1 foot from the obaerve;r. For the theoretically correct· 
answer, look at,the bottom of this page. · 
10. the brightness of two sources, each 10 feet from the oba~rver va• 
measured. 81 was found to be _10 times brighter than 82• ·If their 
brightness were mea8ured again each at a distance of l~O feet, how 
much bright~r ~ould 81 ~e than 82? Why? Answer at bottom of page. 
' . 
The following should be done in the Learning Laboratory. 
11. 
12. 
Measure the brightneaa of a light source at different distances using 
a photographic liSht mei:er. Find· out if" your measure~ents confirm 
the theoretical cal~ulatioaa that you have been doing above. 
View the film loop 'l'he Doeeler Effect. (While this activity will not 
aid you in terms of-:r.Diaediate objectives, it will become important in 
the future.) · · 
--------~--~-----------------~----------------------·--------~-----------
·i••1 01 i• aaauiq81.zq .z1aqi 10 001/l .z.-dd• '1uo p1noA Zs pu• 1s qioq . 
•.iaMAOq •Zs Hqi niq81.:sq aamn ~1 eq p1no.A 1s ·01 .zaqmnu o:a 0 .iauuy 
•q1nq :ai•A 01 y "6 .zacpnu oi .zaAlllV 
•q1nq •qi mo.11 ••11m £ .zaA.Jaaqo aq:a uwqi .za:a•a.zi 
aaaan 6 aq oi aaeu:aq81.iq aqi H.zns.am q1nq aq:a mo.11 an11 1 .zaA.Jaaqo au 
l L. la z, 6 ........ • Z-. li 6 7.£ Za 7. 
·a .zaq111nu 01 .iauuy · 
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Vocabulary Li8t 
refraction diffraction 
law of reflection , light 
diffuaion index of refraction 
. one candle inveree aquare law 
albedo reflectivity 
apectrum disperaion 
angatrom ether 
rraunhofer line• 1'.irchhoff '• laws 
continuoue spectrum bri&ht lines 
abaorption spectrum Doppler effect 
!!,!!Assessment (Unit #2) 
Match the following words with their definitions. 
A. law of reflection 
B. index of refraction 
C. Doppler effect 
D. Kirchhoff law 
E. diffusion 
F. albedo 
----
Incandescent gases at low pressure 
give discontinusous spectra cor:µiiating 
of.bright lines. · 
____ A measure of the refracting power of a 
transparent substance. 
----The apparent change in wave1ength or . 
frequency of sound, light, or other waves 
that is produced by the relative motion 
of the source and/or the observer.· 
----- The fraction of incident sunlight that a 
planet or minor planet teflects. 
----
The scattering· of light by reflection from 
a rough surface. 
Place an X in the blank preceeCiing the correct answer • 
. How much brighter does the Sun appear to be on Mercury than it does on Earth? 
Distance from the Sun to Mercury• 57.9 million km• 0.387 AU 
Distance from the Sun.to Earth• 149.5 million km• 1.00 AU 
2 .58 times 
5.73 times 
6.65 times 
7 .68 times 
Place an X in tbe blank p'eceeding tbe correct answer. 
'?he bright~ea• of a cer~atn'1pectral cla11 star is known for a.distance.of 
10 p~raec1. An ••tronomer ··••ures tbe brightneH of •. 1tar of thi• clHl!I 
and dilcover1 that 'it 11 only 1/SO of tbat known brightne11. How far away 
fro1D the H tronomer ii tb.i• •tar? · · 
50 paH-CI 
71 pareecs 
500 parsecs • 
25,000 pareec1 
If you feel that you are· not ready for the unit aHe11ment, consult the 
··,'instructor. at the L~Arning La~oratory. 
·~··~•d 1t ~·AIUI puo~•• 
•am1~ ~9"9 ·~•••µ• i•~11 
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After adjusting your spectro•cope9 look at the three light sources an" write 
the letter which identiUes the.source in the proper blank below. 
----- c;ontinuou• •pectrum 
----- bright-line spectrum 
----- ab•orption SJ\ectrwa 
Match the words in the left-hand column to their definition• in the right:..hand 
column by placing the letter preceedi~g the.word in t~e prqper blank. 
A. Praunhof er line 
a. Kirchhoff's law 
c. Doppler effect 
D. index of refraction 
E. absorption spectrum 
F. law of reflection 
G. albedo 
B. reflectivity· 
I. continuou• spectrum 
J. refraction 
It. disper•ion 
L. ether 
----
----
'!'he ratio of the speed .of light in a vacuum 
to its speed in a substance; a measure of the 
refracting power of a transparent substance. 
Dark lines superimposed on a continuous 
spectrum. 
---- '!'he apparent change in frequency of light 
produced by the motion of the·source and/or 
the observer. . 
A spectrum of light comprised of radiation of 
---- a continuous range of colors. 
----'!'he bending of light ray• pasaing from one 
transparent mediUDJ to another. 
'!'he seperation of different wavelengths being 
---- refracted by different amounts. . 
'l'he fraction of incident light that a planet 
---- or minor planet reflects. 
_______ lncande•cent solids. liquids. or gases under 
high pres•ure produce continuous spectra. 
---- A hypothetical medium through which light ·is 
trans111itted; once thought to permate all space. 
------ 'l'he a°igle of reflection is equal to·the angle 
of incidence. · 
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Place an X in th• blank prec•eding the correct an•w•r• in the following 
two e:xerci• ••. · 
The app.rent brightne•• of Jupiter i• ·about 2.17S time• greater when that planet 
reachea its close•t poin~ to the Earth than it i• when it is at it• greatest 
distance from~·· As•uming that both planet• move around the Sun in circular 
. orbits, how uny times closer to the Earth i8 Jupiter at it• close•t point than 
it i• at it• farthe•t point? 
l.·47S times. 
---
2.17S timH 
---
7.82S timea 
---
ll.6SS timea 
---
Row much brighter doe• the Sun 1 ~ppear to ue (diatance about 100,000,000 mile•) 
than it would.to •omeone living.on a planet revolving around the close•t star ( a Centauri, diatance about 25~000,000,000,000 mile•)? 
I 
--- 2SO,OOO timH 
___ 625,000,000 times 
--- 50,000,000 ti~• 
_ _...._ 62S,OOO,OOO,OOO tima. 
APPENDIX H 
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Terminal Objectivea for Astronomy 1104 
., Objective 1 
Given photographs of aix a•tronomical objecta, the atudent will rank 
them according to any one ot a combination of the following phyaical 
propertiea: 
1. diatance from the aun 
2 •. apparent brightness 
3. size 
4 ..... 
Objective 2 
Given a photograph of the lunar aurface having several lunar feature• 
indicated by arrows that are labeled with a number, the atudent will 
· aelect from a liat of namea of lunar feature• thoae indicated in the 
photograph by placing the correct label number on the appropriate ar-
. row in a blank preceding the name of the feature. · 
Objective 3 
Given no leaa than three and no .more than five apectra of stara, the 
student will rank them according to apectral clau from either. (1) the 
coolest to the hottest, or (2) the hotteat t.o the coolest, when aaked 
to do so by the inatructor. 
Objective 4 
Given white light (photographs of the Sun) and a spectrohdiogram with 
numbered arrows pointing to selected featurea, the atudent will. identify 
these feature• by placing the number of the arrow in a blank preceding. 
the given name of the feature found in a liat of auch iusmea. · 
,, 
.. 
Objective 5 
Given the photographs of six galaxiea, the student _will identify the 
Hubble classification of each and rank them from young to· old accord-
ing to present theoriea of gala tic e~olution by liating their identi-
fication numbers in the proper order. 
Objective 6 
Given the nuclear equations for (1) the carbon cycle, and/or (2) the 
proton-proton reaction, the student will write a single sentence for 
each equation stating in plain language the meaning of that equation. 
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Objective 7 
Given a semi-circle, the a.tudent will draw a diaaram .of a. croaa-aec-
tion of the aun ahowing the loca.tion of. the photosphere, chromosphere, 
corona, prominences, aunapota, and flarea. On. the aame. diagram the 
gtudent will indicate the approximate temperature of each.region in 
K when aaked to do so. 
Objective 8 
Given several statements, each describing unique propert:i.ea of 11 given 
claas of variable star, and a list of the namei of claues of variable· 
stare, the atudent will claasify the star described by matching the 
star claaa described to the name of that claaa. .~ 
Objective 9 
Given a·list of the names of planets in the solar system, the student 
will rank them according to any one or a combination of the following 
physical properties: · 
1. diameter 
2. 
3. 
4. 
5. 
6. 
7. 
s. 
mass 
distance from the Sun 
number of natural, satellites (knoflin) 
period of rotatior 
sidereal period I 
synodic period ' 
surface temperat,ure 
O~jective 10 I 
Given several descriptioba.of various atagea of stellar evolution, the 
s.tudent will rank them froip earliest to latest by placing a number of 
the rank in a blank preced~ng each description. 
! ' Objective 11 
i I 
Given description• of varipus stages of stellar evolution, the student 
will draw a line enclosing: those points on a given H-k diagram that 
represent stara in that stage of stellar evolution when asked to do so 
by the instructor. 
Objective 12 ! 
I Given several descriptive· atatementa, each having at least two dis-
tinctive facts about a planet in the aolar system, the atudent will 
identify the planet being deacribed by writing the name of that planet 
in the blank which precedes the, statement. 
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Objective·l3 
Given a diagram of the aun, moon, earth, the orbit• of the moon and 
earth, and the moon' a line of nod111, the student will draw a new con-
figuration ah<*ing th• new position of the earth, moon, and the moon'• 
line of nodes for either (1) the next a.olar eclipse or c2r the next 
lunar eclipaeand estimate to the nearest month the time that will 
elapse before thia event occurs. 
Objective 14 
Given a diagram showing th~ aun, the earth, the orbit of the earth, 
and the orbit of an inferior planet, the 1tudent will locate the fol-
. loving points by marking and labeiing them on the diagram. 
1. Superior conjunction 
2, Inferior conjunction 
3. Greatest eastward elongation 
4. Greatest westward elongation 
Objective 15 
Given a diagram showing the aun, the earth, the orbit of the earth, 
and the orbit of a superior planet, the student will locate the fol-· 
lowing points by marking and ,labeling them on the diagram. 
1. Conjunction 
2. Opposition 
3. Eaatern quadrature 
4. Western quadrature 
Objective 16 
Given a list of astronomical objects and a list of Qames of methocll 
for measuring astronomical ·distances, .the student will match the most 
suitable method of musuring the distance to the listed objects.by 
placing the number corresponding to that method in the blank which pre-
cedes the name of (or description of) the object. 
Objective 17 ,. 
Given a diagram showing the moon in four different numbered positions 
relative to the sun and the earth, the student will select the phase. 
and local interval of time that the moon would be visible for each 
numbered position by placing the number of that position in a blank 
preceding a given list of phases, and also in a blank preceding a 
given list of time intervals, 
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APPENDIX I 
COMPUTER PROGRAM 
COMMON IGROUP,NS,NA,NB,NC 
DIMENSION SA(4,100), SB(4,100), SC(4,100), SD(4,100),NPG(4), 
1 ISN(100),X(4,100),Y(4,100),Z(4,100),W(4,100) 
READ(5,42) IX 
42 FORMAT( 110) 
NSAMP = 100 
IGROUP = 4 
NA = 2 
NB = 2 
NC = 1 
DOlI=l,4 
1 NPG(I) = 0 
DO 5 I =1,86 
READ(5,100) K,C,D,A,B 
100 FORMAT(16X,Il,T45,F2.0,T51,Fl.O,T55,F2.0,T59,F3.0) 
NUM = 1 
IF(K .NE. 2) NUM = 2 
8 NPG(NUM) = NPG(NUM) + 1 
SA(NUM,NPG(NUM)) =A 
SB(NUM,NPG(NUM)) = B 
SC(NUM,NPG(NUM)) = C 
SD(NUM,NPG(NUM)) = D 
5 CONTINUE 
DO 11 I = 1,32 
READ(5,100) K,C,D,A,B 
NUM = 3 
IF (K .NE. 2) NUM = 4 
9 NPG(NUM) = NPG(NUM) + 1 
SA(NUM,NPG(NUM)) =A 
SB(NUM,NPG(NUM)) = B 
SC(NUM,NPG(NUM)) = C 
SD(NUM,NPG(NUM)) = D 
11 CONTINUE 
DO 15 I=l,IGROUP 
IF (NPG(I) ,LT. NSAMP) NSAMP~NPG(I) 
15 CONTINUE 
DO 16 I=l,IGROUP 
DO 12 KI=l, NSAMP 
12 ISN(KI) =O 
RXX=NPG(I) 
NUK=l 
1 'Hl. 
DO 17 J=l, 100 
CALL RANPU(IX, IY, YFL) 
IX=IY 
LR2=YFL*(RXX-.aOOl)·+l 
DO 18 K•l, NlJl{ 
IF (ISN(K) .EQ. LR2) GO 'l'O 17 
18 CONTINUE 
I SN (NUK) ""LR2 
X(I,NUK)=sA(I,LR2) 
IF (NUK .EQ, NSAMP) GO TO 16 
NUK=NUK+l 
17 CONTINUE 
16 CONTINUE 
NS=Ns,AMP 
IF (NS !LT, 2) GO TO 990 
CALL FACTOR 
GO 'l'O 1 
990 WlUTE(6 ,4111) 
4111 FORMAT(l~, 1TllERE WAS LESS THAN TWO SAMPLES PER GROUP') 
991 WRITE(6,191) 
191 FORMAT('l') 
STOP 
END 
. SUBROUTINE RANDU(IX, n!', YFL) 
IY=IX*65539 
IF(IY) 5,6,6 
5 IY=IY+214748364.7+1 
6 YFL=IY 
YFL=YFL*. 4656613E,. 9 
RETURN 
END 
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APPENDIX J 
THE FINAL TEST· AS A COMPARISON 
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'l'he 100 item multiple choice test that has been used in Astron-
omy 1104 as the final semester examination was C1dmini,stered to both 
theLD and IPI Groups at the end of the semester included in this study. 
This examination is not available for publication, however, it can be 
stated that it is a teacher-constructed instrument designed to evaluate 
the astronomy students over both material found in the textbook used 
in the course and material disseminated in the lectures. Each item 
had five possible choices, four of these choices were given as a part 
of the item, the fifth choice was unone of these." 
A t-test compari.son of the differences in the means between the 
LD and IPI Groups is shown in Table XL. These results show that the 
mean score of the LD Group was 4. 37 points higher than the mean score 
of the :i:PI Group and that th~s difference was significant at the O. 05 
. level. The tabulated t-value was t 0•05 (200) = 1.98 compared with the 
calculated t(ll6) = 2,17. 
Mean 
Group Sco}:'e 
LD 45.87 
IPI 41. 50 
TAl3LE XL 
COMPAR;J;SON OF TllE LD VS IPl; GROUPS 
ON THE FINAL TEST 
Standard F Degrees of 
Deviation Ratio . Freedom 
10,02 
8.92 1. 26 116 
t 
Score 
2.17 
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Further comparisons of these results were made between the.LD and 
IPI Groups, using the same samples selected for measures on the other 
dependent variables made earlier in this study, For example, the 
subjects selected at random for comparison of the LD and ?PI Groups 
when divided by geqder on the pre-test and again for the cognitive 
effect were the same subjects used to compare the LD and IPI Groups 
when div:l,.ded by gender on the final test. No pre ... test of the multiple 
choice type described here was administered at the beginning of the 
semester. 
· The results of the additional comparisons are found in Tables XL! 
through LVIII located in this appendix. 
It should be p0inted out, that on examination of the comparison 
tables, significant differences between the LD and IP! Groups on the 
final test appear in only two of the nine cases studied. Other sig-
nificant differences are found between groups having different high 
school science and mathematics backgrounds, between groups of differ-
ent gender, between groups divided by·A.C.T. scores in mat;hematics, 
between groups having d:l,.fferent A.C,T. scores in natural science, and 
between groups having different composite A.C.T. scores. Four of these 
· five significant differences correspond to ~ignificant differences 
found on the pre .. test (between groups enrolled in d;i.ffe:i;-ent colleges) 
and one found on the final test scores (between groups having a differ-
ent A.C.T. score inmat!hematics) did not correspond.to significant 
differences found on the other measure. 
It could be asserted, from the findings stated above, that those 
val;'iablE:Js which produced sign:tficant differences on the pre-test measure 
persisted throughout the semester to reveal themselves again at the 
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end of the semester ~n the final test. Assvming such persistance, it 
is interesting to note that it did not appear in the measul;'ement of 
the cognitive effect in a single case. 
One interaction was discovered in these data. Table LII shows 
that those subjects having.anA.C.'l'. score greater than twenty-two in 
mathematics sc<;>red significantly higher on the final test if they were 
in the LD Group, than they did if they were in the IPI Group. 
TABLE XLI 
GROUP AND SUB•GROUP MEANS ON THE FINAL TEST 
FORLD AND !PI OROUPS WHEN DIVIDED.BY 
COtLEGE"<EN mncn ENROELED*. ·.' 
LD !PI 
Arts & Sciences 46.45 41,63 
Other 38.18 40.91 
GROUP 42 ,32 41,27 
~''.°#!''·'· 
*n = ll per ~ell 
TABLE XLII 
Group 
44.05 
39.55 
COMPARISON OF LD VS !PI GROUPS ON THE FINAL TEST 
WHEN DIVIDED BY COLLEGE IN WHICH ENROLLED 
Factorial Analysi! of Variance 
Source SS df ms F 
Total 3531 43 82 
Method* 12 1 12 0 .15 
College** 223 1 223 2 .84 
Method X Collega 1.57 1 1!>7 1. 99 
Error 3140 40 79 
*LD vs !Pl 
**Arts & Sciences vs Other 
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p 
n.s. 
n.s. 
n.s. 
TABLE XLilI 
GROUP AND SUB .. GROUP MEANS ON THE FINAL TEST 
FOR LD AND lPI GROUPS DIVIDED BY CLASS* 
LD IPI 
Freshman 46.46 40.08 
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Group 
43.27 
Other 45.46 42.08 43.77 
GROUP 45.96 41.08 
*n ;;: 11 per cell 
TABLE XLIV 
COMPARISON OF LD VS I-PI GROUPS ON THE :.FINAL TEST 
.. /WHENYDIVIDED BY··:.CtASS 
Facto:rial Anal;ysis of Variance 
Source SS df ms F p 
Total 4157 51 82 
Methoc;l* 310 1 310 3. 90' n. s. 
Class** 3 .1 3 0.04 n.s. 
Method X Class 29 1 29 0.37 n.s. 
Error 3814 48 79 
*LD vs ;I:PI 
**Freshman vs Other 
No. 
No. 
TABLE XLV 
GROUP AND SUB .. GROUP MEANS ON THE FI?qAL TEST 
·FOR LD AND Il'l GROUPS WHEN DIVIDED BY 
HIGH SCHOOL SCIENCE AND MATHEMATICS 
BACKGROUND* 
LD !PI 
Courses ~ 3 40.20 38.40 
Gr.oup 
39.30 
Courses >J 50.93 45.67 ...- .. 48.30 
GROUP 45.57 42.03 
*n a; 15 p~r ce 11 
TABLE XtVI 
COMPARISON QF LD VS !PI GROUPS ON THE FINAL TEST 
· : : WHEN DlVI:OED BY' HIGH SCHOOt SCIEN.CE ·,: 
AND MATHEMATICS BACKGROUND 
Faetori•l Analysis of Variance 
Source SS d;t; ms F p 
Total 4998 59 85 
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Method* 167 1 187 2.95 n.s. 
BackgrQund** 12l5 l 1215 19.16 <:.001 
Method X B~ckground 45 1 45 0.71 n.s. 
Error 3550 56 63 
*LD vs IPI 
**No. CQunes ~ 3 .vs No, Courses > 3 
No, 
No. 
TABLE XLVII 
GROUP AND SUB~GROUP MEANS ON THE FINAL TEST 
FO& LD AND IPI GROUPS WHEN DIVIDED BY 
COLLEGE SC.IENCE AND MATHEMATICS 
BACKGROUND* 
LD IPI Group 
C.oursei;i • 0 41.46 39.32 40.69 
C.ourses )" 0 48.00 42.38 45.19 
GROUP 44.73 41.15 
*n • 13 per cell 
TABLE XLVIII 
COMPARISON OF LD VS !PI GROUPS ON THE FINAL TEST 
WHEN DIVIDED BY COLLEGE SCIENCE 
AND MATHE;MATI CS BACKGROUND 
Factorial Analysis of Variance 
Source SS df ms F p 
Total 3997 51 78 
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Method* 166 1 166 2.27 n.s. 
Background** 263 1 263 3.60 n.s~ 
Method X·Background 54 1 54 0.74 n.s. 
Error 3513 48 73 
*LD vs IPI 
**No. Courses = 0 vs No. C.ours es ::> 0 
TABLE XLIX 
GROW AND SUB•GROUP MEANS ON THE FINAL TEST 
FOR LD AND !PI GROUPS DIVIDED BY GENDER* 
LD !PI 
Male 51.71 42.57 ...... 
Fein.ale 36.·71 37.86 .. --
GROUP 44.21 40.21 
· *n =i= 7 per cell 
TA:RLE L 
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Group 
47.14 
37.29 
COMPARI,SON OF LD VS IPI GROUPS ON THE FINAL TEST 
WHEN DIVIDED BY GENDER 
. Factorial Analysis of Vari$nce 
Source SS df ms 
Tot~l 3191 27 118 
Method* 112' 1 112 
Gende~** 680 1 680 
Method X Gender 185 1 185 
Error 2213 24 92 
*LD V(il IP! 
**Male vs remeile 
F P 
l.21 n.s. 
7 .37 < ,025 
2,01 n.s, 
TABLE LI 
GROUP AND SUB~GROUP MEANS ON THE FINAL TEST 
FOR LD AND IPI GROUPS WHEN DIVIDED BY 
A, C, T, SCORES IN MATHEMATICS* 
LD !PI Group 
MA Score~ 22 39.63 41.09 40.36 
MA Score <;> 22 52,00 41. 73 46.86 
GROUP 45.82 41.41 
*n = 11 per cell 
TABLE LII 
COMPARI~ON OF LD VS !PI GROUPS ON THE FINAL TEST 
WliEN;:,DIVIDED.'.J3Y A. C •. T: SCORES IN MA.THEMATICS 
Factorial Analzsis of Variance 
Sourc,e SS df ms F 
Total 3006 43 70 
Method* 214 1 214 4.39 
MA Score** 465 1 465 9.53 
Method X MA Score 378 1 378 7.76 
Error 1950 40 49 
*LD vs IPI 
**MA Score ~ 22 vs MA Score > 22 
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p 
..::::. 0.5 
tt:.. 005 
<.Ol 
NS 
NS 
TABLE LUI 
GROUP AND SUB-GROUP MEANS ON THE FINAL TEST 
FOR LD AND IP! GROUPS WHEN DIVIDEP BY 
A. C. T, SCORES IN NATURAL SCIENCE* 
LD IPI 
Scafe~ 19 36.64 38.27 
Score > 19 50.55 44.36 
GROUP 43.59 41.32 
*n = 11 per cell 
TABLE LIV 
Gtoup 
37.45 
47.45 
COMPARISON OF LD VS IPI GROUPS ON THE FINAL TEST 
WH~N DIVIDED BY A,'C, T, SCORES IN 
NATURAL SCIENCE 
Factorial Anal~sis of Variance 
I 
Source SS df ms F 
Total 3337 43 78 
Method* 57 1 57 1.13 
NS Score** 1100 1 1100 21.87 
Method X NS Score 168 1 168 3.34 
Error 2012 40 50 
*LD vs IP! 
**NS Score~ 19 VS NS Score > 19 
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p 
n.s. 
c:::. 00 l 
n.s. 
TABLE LV 
GROUP AND SUB.GROUP MEANS ON THE FINAL TEST 
FOR LD AND !PI GROUPS WHEN DIVIDED BY 
COMPOSITE Ii. •. C •·. 'T. SCORES* -
LD !PI Group 
CM Score ~21 
CM Score > 21 
41.50 
49.25 
39.25 
42.08 
40.38 
45.67 
GROUP 45,38 40.67 
*n • 12 per cell 
TABLE LVI 
COMPARISON OF LD VS !PI GROUPS ON THE FINAL TEST 
WHEN DIVIDED BY COMPOSITE A. C. T, SCORES 
Factor~al Analysis of VatLance 
Source SS df ms F 
Total 2997 47 64 
Method* 266 1 266 5.04 
CM Score** 336 1 336 6.37 
Method X CM Sc6re 73 1 73 1.37 
Error 2322 44 53 
*LD vs !Pl 
**CM Score ~ 21 vs CM Score >21 
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p 
<'.. .05 
.c::. 025 
n.s. 
TABLE LVII 
GROUP ANO SUB-GROUP MEANS ON TI!E FINAL TEST 
FOR LDAND IPI GROUPS WHEN DIVIDED BY 
REQUIREMENT CRITERIA* 
LD IPI Group 
Required 
Elective 
42 .85 
45.38 
39.15 
42.54 
-- ..... 41.00 
43.96 
GROUP 44.12 40.85 
*n = 13 per cell 
TABLE LVIII 
COMPARISON OF LD VS IPI GROUPS ON THE FINAL TEST 
WHEN DIVIDED BY REQUIREMENT CRITERIA 
Factc,>rial Analx;sis of Variance 
Source SS df ms F p 
Total 4081 51 80 
Method* 139 1 139 1.74 n.s. 
Criteria** 114 1 114 1.43 n.s. 
Method X Criteria 2 1 2 0.03 n.s. 
Error 3826 48 80 
*LD vs !PI 
**Required vs Elective 
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